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FOREWORD 
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tank  assemblies  for  the  generic  ordnance  ramjet  engine  (GORJE).  This  effort  was 
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(U1  Generic  Ordnance  Ramjet  Engine  (GORJE)  Fuel  Tank ,  Final 
Report ,  ay  T.  C.  Warren,  Chemical  Systems  Division.  China  Lake,  Calif., 
NWC,Octjy>er  1976.  210  pp.  (NWC  TP  5835,  publication  UNCLASSIFIED.) 

(U)  This  report  discusses  the  design,  analysis,  fabrication,  testing,  and 
delivery  of  positive  expulsion  fuel  tank  assemblies  for  the  generic  ordnance 
ramjet  engine  (GORJE).  The  program  was  conducted  in  two  phases  Phase  I 
Task  I  encompassed  the  design  and  analysis  of  a  tank  assembly  satisfying  the 
basic  GORJE  requirements.  This  assembly  consisted  of  a  41 30  steel  tank  with 
a  reinforced  elastomeric  positive  expulsion  bladder  that  contains  the  ramjet 
fuel  and  collapses  around  a  central  collector  pipe  that  houses  the  fuel  delivery 
gas  generator  and  flow  control  valve.  Phase  I  Task  II  involved  the  fabrication 
and  test  of  one  ground  test  tank  with  a  spare  collector  pipe  and  six  expulsion 
bladders.  This  ground  test  tank  was  delivered  to  NWC  for  testing  purposes. 

(U)  Phase  II  involved  the  fabrication,  checkout,  and  delivery'  of  four 
flight  test  units  to  NWC  for  use  in  the  GORJE  flight  test  program. 

(U)  This  program  was  concluded  with  a  detailed  manufacturing  cost 
analysis  of  the  tank  assembly  in  quantities  up  to  2,000  units 
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INTRODUCTION 


This  program  was  conducted  to  analyze,  design,  manufacture, 
test,  document,  and  deliver  five  Generic  Ordnance  Ramjet  Engine  (GORJE) 
fuel  tank  assemblies  including  fuel  tank,  containment  and  expu  sion 
device  (bladder),  and  collector  pipe  assembly. 


The  program  was  divided  into  two  phases.  Phase  I  included  as  con¬ 
current  tasks:  (1)  analysis  and  design  of  fuel  tank  assemblies;  and 
(2)  design,  manufacture,  test,  and  delivery  of  one  ground  test  unit. 

Phase  II  consisted  of  manufacture,  test,  and  delivery  of  four  flight  test 

assemblies. 


The  program  began  on  10  July  1974  and  was  completed  on  31  December 
1975.  This  report  describes  the  program  design  activities  during  that 
period . 


The  47.5-pound  ground  test  unit  design  described  in  this  report, 
which  was  fabricated  and  delivered  under  Phase  I,  Task  2,  is  identica 
t the flight  test  unit  design  that  was  fabricated  and  delivered  during 
Phase  II  of  this  program. 


This  final  report  covers  the  design,  analysis,  and  manufacturing 
of  the  tanks,  testing  conditions  and  results,  and  the  final  manufac 
turing  cost  analysis. 


PRECEDING  PAGE  BLANK-NOT  FILMED 
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FUEL  TANK  DESIGN  OBJECTIVES 

« 

The  primary  design  objective  was  to  design  and  analyze  GORJE  fuel  tank 
assemblies  which  satisfied  requirements  and  constraints  specified  in  the 
Appendix  A  data  package. 

This  report  contains  a  design  description,  a  structural  analysis,  and 
a  manufacturing  cost  analyst.  ,  The  complete  preferred  design  description 
includes  engineering  drawings,  method  of  manufacture,  rationale  for  the 
design  of  all  components,  materials,  weight  estimates,  fuel  volume  esti¬ 
mates,  and  expulsion  efficiency  estimates. 

A  detailed  structural  analysis  of  the  fuel  tank  was  conducted.  A 
detailed  manufacturing  cost  analysis  (up  to  2,000  units)  includes 
the  following  cost  comparisons  used  to  arrive  at  the  preferred  design: 

(1)  bladder  cost  versus  expulsion  efficiency  (2)  tank  internal  volume 

versus  tank  cost  and  (3)  tank  weight  versus  cost.  The  cost  analysis 

employed  design- to-cost  information.  , 
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GORJE  FUEL  TANK  ASSEMBLY  DESIGN  DESCRIPTION 


TANK  ASSEMBLY 

The  GORJE  fuel  tank  assembly  (CSD  drawing  No.  C11225)  consists  of 
four  major  subassemblies:  (1)  tank  pressure  case  and  structure,  (2)  remov 
able  suspension  lug  assembly,  (3)  reinforced  elastomeric  expulsion 
bladder,  and  (4)  fuel  collector  pipe. 

The  same  tank  assembly  design  was  used  for  both  the  ground  test  unit 
and  the  four  flight  test  units.  This  configuration,  excluding  bladder 
and  collector  pipe,  weighs  47.5  pounds  compared  to  a  ground  test  unit 
maximum  allowable  weight  of  51  pounds  and  a  flightweight  design  goal  of 
44  pounds.  The  proposed  methods  of  reducing  the  current  47.5-pound  tank 
to  the  44-pound  flightweight  production  configuration  are  discussed  in 
this  section. 

Figure  3-1  is  a  complete  block  diagram  for  the  tank  assembly. 
Assembly  and  component  drawings  are  presented  in  Appendix  B. 

Photographs  of  the  ground  test  unit  tank  are  shown  in  Figs.  3-2 
through  3-5. 

Tank  Structure  (Design  Approach) 


Detailed  trade  studies  were  conducted  which  resulted  in  selection 
of  a  baseline  design  that  meets  all  NWC  requirements  and  constraints 
specified  in  the  GORJE  Fuel  Tank  Assembly  Data  Package  (Appendix  A). 

The  design-to-cost  disciplines  were  implemented  by  appointing  a  compo¬ 
nent  cost  targeting  board  which  established  baseline  component  cost 
estimates  in  coordination  with  the  cost  engineering  team.  These  esti¬ 
mates  were  used  during  the  integrated  trade  studies  of  candidate  designs. 

Two  basic  design  approaches  were  investigated.  The  first  approach 
allowed  the  pressure  tank  to  share  the  captive  flight  and  ejection  loads 
with  the  suspension  lug  attach  support  structure.  The  second  approach 
was  to  separate  the  fuel  tank  into  two  structural  elements:  (1)  a  pres¬ 
sure  vessel  to  provide  the  required  volume  and  support  for  the  bladder, 
and  (2)  a  suspension  lug  attach  structure  to  react  captive  and  ejection 
loads. 

The  latter  approach  resulted  in  a  lower  weight  and  lower  cost 
design.  Further  weight  reductions  that  were  investigated  are  possible 
at  increased  costs.  The  key  design  features  of  the  fuel  tank  structure 
include:  (1)  low  cost  4130  steel  components,  (2)  roll  and  weld  construc¬ 
tion,  (3)  separate  structural  components  for  reacting  concentrated  loads, 
and  (4)  removable  suspension  lug  assemblies. 


f 


FIG.  3-2.  Fuel  Tank  Assembly 
with  Bladder  and  Collector  Pipe  Installed 


FIG.  3-3.  Fuel  Tank  Assembly  Showing  Forward  Closure 
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Design  Description 


The  GORJE  fuel  tank  assembly  is  shown  in  Appendix  B,  Fig.  B-l,  This 
configuration  meets  all  requirements  shown  in  Table  3-1. 

FUEL  TANK  CASE 

The  tank  is  a  five-component  weldment  consisting  of  forward  and 
aft  closures,  two-piece  cylindrical  center  section,  and  a  conical  fore¬ 
body.  The  tank  case  functions  to  provide  the  required  internal  volume 
and  to  support  the  fuel  bladder.  In  addition,  both  closures  have  skirt 
flanges  which  include  provisions  for  all  specified  attachments.  Two 
0.63-inch-diameter  raceway  tubes  penetrate  the  closures  and  pass  through 
the  tank  interior  to  connect  the  skirt  areas.  The  forward  closure  has 
an  internal  boss  which  provides  lateral  support  for  the  forward  end  of 
the  collector  pipe  assembly  and  contains  vent  holes  through  which  the 
expulsion  gas  is  admitted  to  the  space  between  the  tank  interior  and 
bladder  to  initiate  bladder  collapse.  The  forward  closure  also  has  seven 
externally  mounted  bosses  which  provide  attachment  for  flight  instrumen¬ 
tation.  The  closure  also  has  three  ports  in  the  center  for  the  gas 
generator  igniter,  pressure  relief  valve,  and  instrumentation. 


TABLE  3-1.  Requirements  and  Constraints. 


Envelope  constraints . .  .  NWC  Drawing  No.  SK45 760004 

Fuel  volume,  lb . .  .  75  (minimum) 

Weight,  lb, . 44  (maximum)  flight  production  design 

.  51  (maximum)  ground  test  design 

External  loads . .  Fig.  A-3  of  Appendix  A 

Vibration . .  .  Fig.  A-3  of  Appendix  A 

Factor  of  safety 

All  point  loads . 1.5  on  ultimate 

.......  1.15  on  yield 

Pressure,  psi 

Proof . 450 

Yield . 475 

Ultimate  .  . . 550 

Temperature,  °F 

Storage.  . . -45  to  140 

Flight  .  550  (internal) 
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The  conical  forebody  is  a  0.062-inch-thick  roll  and  welded  frustum 
of  a  right  circular  cone.  It  provides  the  necessary  transition  between 
the  10-inch-OD  forward  closure  attach  skirt  and  the  12-inch-OD  tank 
cylindrical  centerbody. 

The  centerbody  is  a  two-piece  cylinder  consisting  of  a  0.062-inch- 
thick  roll-formed  cylindrical  section  315  degrees  in  arc  length  into 
which  a  thickened  (0.093-inch)  roll-formed  section  with  an  arc  length 
of  45  degrees  has  been  inserted.  Two  longitudinal  welds  attach  the  two 
pieces  to  form  the  complete  cylinder.  The  thickened  skin  section  was 
added  to  provide  the  required  stress  distribution  in  the  cylinder  in  the 
area  of  attachment  to  the  longeron  assembly.  The  thickened  skin  has  a 
cutout  into  which  the  longeron  is  welded  at  final  assembly. 

The  aft  closure  is  welded  to  the  cylindrical  centerbody  to  complete 
the  tank.  The  closure  includes  an  integral  skirt  with  attachment  provi¬ 
sion  and  an  opening  and  attachment  bolt  hole  pattern  for  securing  the 
aft  end  of  the  collector  pipe/bladder  assembly.  The  Y  joint  of  the 
closure  acts  as  a  part  of  the  structure  which  reacts  the  concentrated 
loads  introduced  by  the  aft  sway  brace  units.  The  closure  has  slots  and 
holes  in  the  skirt  for  tank  fill,  vent  valves,  and  fuel  transfer  lines. 

All  components  of  the  tank  case  are  fabricated  from  4130A  steel  per 
MIL-S- 18729.  The  forward  closure  is  annealed,  the  conical  and  cylindri¬ 
cal  shells  are  normalized,  and  the  aft  closure  is  heat  treated  to  .140,000 
to  160,000  psi  minimum  ultimate  tensile  strength. 

To  minimize  overall  costs,  the  suspension  lug,  sway  brace,  and 
ejection  concentrated  loads  on  the  tank  are  carried  by  a  reinforcement 
structure  which  acts  independently  from  the  basic  case  wall.  The  struc¬ 
ture  includes  a  forward  sway  brace  stiffener  ring,  longeron,  and  an  aft 
sway  brace  stiffener  ring,  which  consists  of  the  thickened  area  of  the 
aft  closure  Y  joint. 

The  support  ring  and  longeron  include  webs  at  load  application 
points  to  react  concentrated  loads.  The  longeron  also  includes  integral 
suspension  lug  housings.  U-shaped  cross  sections  are  selected  for  both 
units  to  give  structural  efficiency  in  bending  while  minimizing  fabrica¬ 
tion  cost  and  weight. 

SUSPENSION  LUGS 

Replaceable  retracting  suspension  lugs  are  housed  in  the  longeron. 
(See  Fig.  3-6.)  The  lugs  are  forged  of  4340  steel  and  machined.  The 
force  required  to  restore  each  of  the  vehicle  attachment  lugs  to  its 
recessed  position  during  vehicle  flight  is  provided  by  a  high-strength 
steel  torsion  spring.  Each  spring  exerts  a  torque  of  28  inch-pounds 
when  the  lug  is  rotated  for  attachment  of  the  vehicle  to  the  aircraft. 
This  torque  is  sufficient  to  overcome  frictional  drag  and  inertial 
forces  acting  on  the  lug  and  will  rotate  the  lug  into  the  recess  provided 
in  the  longeron.  Once  down,  the  lug  is  secured  in  position  by  a  flat 
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SUSPENSION  LUG 


am 


RETENTION  SPRING 


ADJUSTING 


FIG.  3-6.  Suspension  Lug  Retention  System. 

steel  spring  which  engages  the  lug  crossbar.  This  prevents  rerotation 
of  the  lug  back  into  the  airstream. 

The  adjustment  of  the  flat  spring  is  performed  by  loosening  the 
adjustment  screw  and  shifting  the  flat  spring  until  contact  is  made  with 
the  lug  with  interference  of  0.03  to  0.06  inch.  This  approach  (low- 
torque  torsion  spring,  securing  spring)  was  selected  because  it  was 
found  to  be  impractical  to  design  a  spring  to  meet  the  alternative 
requirement  (250  inch-pounds  of  torque). 

A  pullpin  is  also  provided  which  passes  through  the  strongback  wall 
and  into  the  lug  to  hold  the  lug  in  the  upright  position  during  mounting 
on  the  aircraft.  This  pin  is  removed  following  mounting. 

The  suspension  lug  subassembly,  consisting  of  lug,  shaft,  sleeve, 
and  spring,  can  easily  be  removed  for  maintenance  and/or  replacement. 

The  two  retainer  plates  are  unbolted  and  the  lug  assembly  is  slid  out  of 
the  slots  in  the  pocket  sidewall. 

The  lug  shaft  has  flats  which  interface  with  the  top  lip  on  the 
slot.  This  feature  provides  added  bearing  area  on  the  shaft  and  increased 
shear  area  to  the  slot  lip. 

The  shaft  sleeve  stabilizes  the  torsion  spring  in  the  loaded  position. 
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FUEL  EXPULSION  BLADDER  ASSEMBLY 


The  tank  requires  a  bladder  to  ensure  pos  ate  the  expulsion 

all  attitudes  and  operational  environments  a  coliapses 

gas  from  the  fuel.  A  reinforce  e  a  design  for  this  application, 

around  the  fuel  collector  pipe  is  the  baseline  ues  g 


Bladder  Design 


Design  considerations  for  the  positive  «puision  as 

follows:  (1)  low  cost,  (2)  reliability,  (3)^  propellant  (long  term 

(4)  weight  and  volume,  (5)  compa  te„'eraturc  a„d  high  temperature 

operating  cLa^ristics!’  (8,  multiple  cycle  life,  and  (9)  ease  of 
installation  in  tank  assembly. 


Design  Approach 


The  baseline  bladder  /fj*"  , ^/.ttacSd'  STthe  collector  pipe  is 
a  photograph  of  the  ,ultiple  cycle  capability  to 

permit ^expulsion  testing  for  acceptance  and  for  demonstration  of  relta- 

bility  for  single  cycle  use. 


Evaluation  of  the  de-igJ/^ui^t.^^thj^lectio^ofj 
nylon  fabric  reinforced  nitrile  ami  h  bla(iger  and  discharged 

BTC  17-4)  .  The  propellant  is  ground  the  pipe 

through  the  collector  pipe  as  the  bladder  co  P  of  the  collector 

during  expulsion.  The  bladder  is  of  the  bladder.  The 

pipe  by  metallic  rings  vulcaniz  ,  <=haoe  of  the  pressure  vessel, 

bladder  Is  contoured  to  7™*'^“tlre Tacco^d’ate  the  strong- 

Depressions  are  incorporat  stiffener  ring  which  protrude 

hark  electrical  raceways  and  sway  brace  stitrener  ring 

)  ’ .  ,  .  ^  s  geometry  minimizes  membrane  bridging  and  reduces 

Madder"  s^resUs  Basic  thickness  of  the  bladder  is  0.020  inch.  External 

bladder  stresses.  intervals  on  the  bladder  exterior  so 

auIT^ng^""^^  the  bladder  poles  to  accommodate  the  higher 
stress  loads. 


The  aft  end  bladder  flange  consists  of  the  bladder  vulcanized 

between  two  stainless  steel  compression  rings^  wi£h  12  4-40  screws, 

to  the  aft  flange  of  attach  bolts  are  installed  from 

futSrof  the^tank,  pass  through  ^collecto^pip^flange.^nd^cr^ 

°r^erroJ  through  the  flange  hoUhol^is ^P^ented^ 

S5“  r ££  rssras ~~  s  =.“ 

configuration. 
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FIG.  3-7.  Expanded  Bladder  Assembly 
as  Attached  to  Collector  Pipe. 
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The  bladder  forward  end  flange  consists  of  the  bladder  vulcanized 
between  two  stainless  steel  compression  rings  using  the  same  technique 
applied  to  the  aft  flange.  The  outer  compression  ring  slides  over  the 
forward  end  of  the  fuel  collector  pipe  and  is  sealed  by  an  O-ring  com¬ 
pressed  between  the  bladder  flange  ID  and  collector  pipe  OD  (Fig.  B-l, 
Appendix  B) .  The  bladder  flange  is  attached  to  the  collector  pipe  with 
12  4-40  screws.  The  bladder  flange  also  fits  over  the  collar  inside  the 
tank  forward  closure  to  prevent  lateral  movement  of  the  bladder/ 
collector  pipe  assembly  when  installed  in  the  tank. 

Bladder  Analysis 


The  stresses  resulting  from  bladder  operation  with  the  baseline 
design  can  be  placed  in  the  following  categories:  (1)  internal  load  caused 
by  propellant  vapor  pressure.  (2)  internal  load  caused  by  axial  and  lateral 
acceleration  and  vibration,  (3)  stresses  caused  by  bridging  when  the 
bladder  is  partially  empty  and  sloshing  occurs,  and  (4)  stresses  caused 
by  small  radius  bladder  folding  at  low  temperature. 

The  maximum  internal  bladder  pressure  caused  by  propellant  vapor 
pressure  at  140°F  is  less  than  1  psia.  The  bladder  is  designed  to  be 
supported  by  the  pressure  case  including  areas  of  cable  raceways,  stiffener 
ring,  and  strongback.  Therefore,  negligible  stresses  will  be  induced 
during  storage. 

Vibration  is  not  expected  to  cause  appreciable  loads  in  the  bladder 
because  frequencies  are  above  20  Hz  and  high  frequencies  will  not  cause 
damaging  propellant  sloshing.  Captive  flight  may  induce  accelerations 
as  high  as  15  g,  resulting  in  sloshing  pressures  as  high  as  15  psi 
axially  and  6.5  psi  radially.  These  pressures  are  not  excessive  even  if 
the  bladder  fails  to  match  the  contour  of  the  tank  interior  and  localized 
bridging  occurs.  (Subsequent  testing  of  bladders  pressurized  to  50  psi 
internally  with  the  cavity  between  bladder  and  case  vented  resulted  in 
no  damage  to  the  bladder,  even  when  the  bladder  was  incorrectly  posi¬ 
tioned  in  the  case.) 

Maximum  bladder  membrane  bending  occurs  in  the  folds  during  hard 
collapse  expulsion  (maximum  AP)  and  at  the  poles  where  the  bladder  is 
attached  to  the  collector  pipes.  The  bladder  material  selected  precludes 
a  folding  problem  and  reinforcement  is  used  at  the  polar  bosses  where 
failures  were  initially  experienced  during  bladder  development  on  other 
programs.  The  polar  compression  collars  are  contoured  to  prevent  a 
sharp  fold  at  points  of  attachment. 


Bladder  Material  Selection 


The  requirements  of  the  GORJE  bladder  present  an  extension  of  cur¬ 
rent  technology  with  Til-Dimer  fuel  and  elastomer  bladders  with  respect 
to  expulsion  gas  temperatures,  operational  pressures,  and  configuration. 
A  review  of  available  data  supported  the  initial  selection  of  Goodyear 
BTC  17-4,  a  nitrile/nylon  laminate,  as  the  bladder  material.  It  is  a 
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composite  construction  consisting  of  an  0.003-inch  film  of  nylon  sand¬ 
wiched  between  single  layers  of  nitrile  coated,  2-ounce  nylon  fabric. 

The  nylon  is  the  impermeable  barrier  to  the  fuel  and  the  fabric  contri¬ 
butes  to  the  structural,  handling,  and  bonding  characteristics  of  the 
bladder. 

COLLECTOR  PIPE  ASSEMBLY 

The  GORJE  fuel  tank  collector  pipe  assembly  contains  the  tank  pres¬ 
surization  gas  generator  and  fuel  controller.  It  also  serves  as  the 
attachment  point  for  the  positive  expulsion  bladder,  collects  the  fuel 
through  radial  holes,  and  delivers  it  to  the  fuel  controller. 


Design 


The  collector  pipe  assembly  was  designed  to  meet  the  requirements 
of  Appendix  A.  The  corresponding  CSD  design  is  shown  in  Fig.  B-ll  of 
Appendix  B.  The  assembly,  including  bladder  flanges,  was  fabricated  of 
CRES  304.  The  aft  flange  was  designed  to  fit  a  5-inch-diameter  opening 
in  the  end  of  the  fuel  tank.  This  opening  is  controlled  by  the  space 
required  for  bladder  installation.  (The  bladder  attachment  was  described 
earlier  in  this  section).  Internal  geometry  of  the  collector  pipe  will 
accept  the  gas  generator  and  fuel  controller  valve  assemblies.  The  ground 
test  unit  collector  pipe  is  shown  in  Fig.  3-8. 


Structural  Analysis 


The  structural  analysis  of  the  collector  pipe  is  an  integral  part 
of  the  analysis  of  the  tank  as  a  whole.  The  loads  and  failure  modes 
considered  for  the  collector  pipe  are  stress  and  buckling  forces  due  to 
inertial  forces,  and  sloshing  and  bending  stresses  at  the  bolted  flange. 
The  modeling  of  the  collector  pipe  in  the  general  models  of  the  assembled 
tank  is  in  sufficient  detail  to  give  accurate  solutions  for  stresses  and 
displacements.  The  solutions  for  stresses  and  displacements,  therefore, 
come  from  the  solutions  for  the  assembled  tank. 
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STRUCTURAL  ANALYSIS 


The  structural  analysis  of  the  GORJE  fuel  tank  is  divided  in  three 
parts:  (1)  the  static  analysis  of  the  flight  test  (47.5-pound)  tank  for 

inertial  loads,  flight  loads,  and  internal  pressure;  (2)  a  dynamic  analy¬ 
sis  of  the  flight  test  tank  to  predict  the  response  of  the  tank  to  the 
transient  eject  load  and  to  predict  the  factor  of  safety  of  the  tank  when 
vibration  tested  as  part  of  the  assembled  vehicle;  and  (3)  an  analysis 
of  the  design  changes  required  to  result  in  a  flightweight  production 
tank. 

This  report  summarizes  the  analysis  of  the  flight  test  tank  and  that 
portion  of  the  dynamic  analysis  pertaining  to  the  response  of  the  tank 
to  the  eject  load.  As  part  of  the  structural  analysis,  extensive  calcu¬ 
lation  was  done  of  air  loads  and  all  the  possible  inertial  loads  contained 
in  specification  MIL-A-8591D  were  investigated.  This  report  also  con¬ 
tains  a  summary  of  the  load-  calculations. 

The  flightweight  tank  is  a  design  by  modification  of  the  flight  test 
tank.  The  computer  models  were  modified  accordingly  and  the  stresses 
evaluated.  Also,  the  NASTRAN  model  of  the  tank  used  for  dynamic  analysis 
was  used  to  determine  the  response  of  the  tank  to  the  power  spectral  den¬ 
sity  curve  given  in  the  tank  specification. 

The  configuration  of  the  tank  used  in  the  structural  analysis  models 
is  shown  in  Fig.  B-l  of  Appendix  B. 

STATIC  ANALYSIS  (FLIGHT  TEST  TANK) 

The  computer  analyses  and  the  manual  calculations  show  that  after 
the  required  safety  factor  has  been  applied  to  the  loads,  all  parts  of 
the  fuel  tank  and  support  lugs  have  positive  margins  of  safety.  A  summary 
of  the  critical  failure  modes  and  the  associated  margins  of  safety  is 
given  in  Table  4-1. 

The  critical  load  on  the  fuel  tank  is  generally  the  ultimate  inter¬ 
nal  pressure  of  550  psi,  but  both  the  eject  load  and  a  captive  flight 
load,  which  result  in  a  16,500-pound  ultimate  lug  load,  produce  high 
bending  stresses  in  the  strongback  adjacent  to  the  shell. 

Axial  forces  in  the  bottom  of  the  tank  shell  which  might  cause 
buckling  have  been  calculated  to  be  low  enough  to  give  high  margins  of 
safety  for  this  potential  failure  mode. 

Skin  buckling  in  the  vicinity  of  the  strongback  because  of  internal 
heating  by  the  pressurizing  gas  is  absent  because  the  internal  pressure 
will  result  in  a  net  tensile  stress  field  in  this  area. 
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One  of  the  principal  benefits  obtained  from  the  use  of  the  three- 
dimensional  structural  analysis  program,  STAGS,  was  that  the  tank  shell 
augments  the  stiffness  of  the  strength  of  the  strongback,  thereby  per¬ 
mitting  design  of  a  minimum  weight  structure. 

The  calculated  margins  of  safety  for  the  support  lugs  have  already 
been  verified  by  component  ultimate  loads  tests. 

DYNAMIC  ANALYSIS 

The  NASTRAN  analysis  for  the  dynamic  ejection  load  indicated  there 
was  no  dynamic  amplification  of  the  load  over  application  as  a  static 
Load.  The  natural  frequencies  of  the  tank  are  larger  than  the  frequency 
of  the  (one-cycle^  dynamic  load  so  that  the  structure  is  able  to  follow 
the  load  in  time.  This  allowed  the  stress  analysis  to  be  performed  by  the 
static  shell  analysis  code  (STAGS).  The  NASTRAN  dynamic  results  for  dis¬ 
placement  under  point  of  application  of  the  load  with  corresponding  static 
(NASTRAN)  results  are: 

5  *  -0.0355  inch  (dynamic  result) 

*  -0.0374  inch  (static  result). 

STATIC  ANALYSIS 
Loads 

A  summary  of  the  structural  loads  as  defined  in  the  GORJE  statement 
of  work  in  Appendix  A  can  be  seen  in  Fig.  4-1  and  4-2. 

Since  these  requirements  did  not  specify  the  end  reaction  or  how  the 
lug  and  brace  loads  were  to  be  reacted,  the  inertial  and  air  loads  were 
evaluated  in  accordance  with  MIL-A-8591D.  The  various  load  combinations 
are  presented  in  Table  4-2  and  air  loads  used  and  methods  of  calculations 
are  presented  in  Appendix  C.  The  two  points  indicated  by  arrows  on 
Table  4-2  were  considered  worst  case  and  the  two  combined  load  conditions 
applied  to  the  analysis  model. 

The  material  degradation  because  of  the  free  flight  temperature  will 
only  affect  the  pressurized  loading  condition.  The  reduced  allowable 
strengths  for  the  material  were  used  for  this  condition. 

Materials 

The  material  used  for  the  structural  members  was  4130  steel  heat 
treated  to  various  levels  in  accordance  with  the  drawing  requirements. 

The  free  flight  internal  temperature  of  550°F  will  reduce  the  allowable 
strength  to  95%  of  room  temperature  values  in  accordance  with  MIL-HNBK- 
5B.  The  following  room  temperature  strength  levels  were  used: 
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Method  of  Analysis  and  Results 

The  production  model  was  checked  for:  (1)  internal  pressure  of  550 
psi;  (2)  ejection  load  of  10,000  pounds  in  either  location;  (3)  both 
forward  brace  loads  being  11,000  pounds;  and  (4)  Point  2  captive  flight 
inertia  and  air  load  from  Table  4-2. 

These  are  the  worst  case  loading  conditions  and  the  margins  from 
these  runs  are  large  enough  so  that  the  other  load  conditions  need  only 
be  checked  on  the  flight  model.  For  a  summary  of  the  safety  margins 
see  Table  4-1. 

The  STAGS  analysis  used  two  models,  a  180-degree  model  for  symmetric 
loads  and  a  360-degree  model  for  the  nonsymmetric  Point  2  loading.  The 
models  are  otherwise  identical.  The  axial  profile  is  shown  in  Fig.  4-3 
and  a  typical  cross  section  is  shown  in  Figs.  4-4  and  4-5. 

Three  preliminary  sizing  and  model  checkout  runs  were  made  which 
varied  the  model  density,  method  of  modeling  the  strongback  and  shell 
buildup,  and  strongback  inertia.  These  runs  substantiated  the  model's 
adequacy.  The  results  of  these  preliminary  runs  are  on  file  but  have 
not  been  presented  because  they  are  not  directly  comparable  and  there  is 
no  substantial  difference  from  the  final  results  which  are  presented  here 
(e.g.,  maximum  strongback  radial  deflection  under  ejection  load  of  0.083, 
0.074,  and  0.087  inch  as  compared  to  a  final  design  value  of  0.084  inch). 

Closure  and  Case  Pressurized.  The  end  closures  were  analyzed  using 
the  CSD  finite  element  computer  program  LI65ZZZ.  The  model,  boundary 
condition,  and  results  are  shown  in  Figs.  4-6  and  4-7.  The  loading  used 
was  the  ultimate  internal  pressure  of  550  psi.  The  closure  stress  for 
the  captive  flight  loading  conditions  was  verified  by  the  STAGS  analysis 
to  be  appreciably  less. 

The  aft  closure- to-collector  pipe  flange  joint  was  analyzed  using 
the  LI65ZZZ  finite  element  program.  The  finite  element  model  is  presented 
in  Fig.  4-8.  Both  the  hydrotest  and  the  flight  loading  conditions,  were 
used.  The  hydro test  condition  provided  the  most  severe  loading  condition. 
The  interface  on  the  model  between  the  two  flanges  contained  a  thin  row  of 
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elements.  The  bolt  element  was  given  a  modulus  which  gives  it  the  same 
spring  rate  as  the  bolts.  The  bearing  element  was  hydrostatic  to  elimin¬ 
ate  any  shear  restraint.  The  other  interface  elements  were  given  a  very 
low  modulus  (10).  Although  an  early  run  used  a  bearing  element  at  the 
outside  diameter  of  the  flange,  the  results  were  tension  in  the  bearing 
element  and  compression  in  the  bolt  element.  Thus,  the  model  was  changed 
to  a  bearing  element  at  the  inside  diameter  of  the  flange.  The  aft  clo¬ 
sure  flange  tended  to  rotate  and  the  collector  pipe  flange  restrained 
the  rotation  of  the  closure,  resulting  in  a  bolt  load  which  was  three 
times  the  blowout  load. 

Main  Ring.  The  main  ring  was  prelirainary-sized  using  NASA  TN  929* 
for  a  circular  shell  supported  frame.  The  uncertainty  in  this  method  is 
estimating  the  relative  stiffness  (term  d)  of  the  shell.  A  best  guess 
for  d  of  500  gave  a  ring  stress  of  54,000  psi  because  of  an  11,000-pound 
brace  load.  However,  a  d  of  10  would  give  a  stress  of  120,000  psi.  A 
STAGS  run  was  made  applying  a  forward  brace  load  of  11,000  pounds.  Because 
of  symmetry  specified  at.  the  boundary  of  0  and  180  degrees,  these  results 
are  for  worst  case  loading  of  both  forward  brace  loads,  or  11,000  pounds. 
The  ring  deflection  and  stress  are  shown  in  Figs.  4-9  and  4-10.  The 
maximum  stress  in  the  ring  as  a  result  of  the  ejection  load  was  also 
54,000  psi,  as  shown  by  Fig.  4-11. 

*  Analysis  of  Circular  Shell  Supported  Frames,  NASA  Technical  Note  No. 

929,  May  1944. 
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Longeron .  The  longeron  was  checked  by  STAGS  analysis  for  the 
ejection  load  in  its  allowable  location  and  the  forward  lug  load. 

Preliminary  manual  calculations  for  a  simple  beam  showed  the  worst 
case  loading  for  moment  in  the  longeron  to  be  an  ejection  load  of  10,000 
pounds  at  Station  96.  The  STAGS  results  have  shown  that  the  support 
provided  by  the  skin  makes  the  stress  and  deflection  relatively  independent 
of  the  load  location.  A  comparison  of  longeron  radial  deformation  for 
the  ejection  load  at  Stations  96  and  103  is  shown  in  Fig.  4-12.  The  stress 
and  deformation  patterns  for  the  loading  at  Station  103  are  similar  and 
only  slightly  less  than  those  for  loading  at  Station  96. 

Since  completion  of  the  analysis,  the  Station  96  location  has  been 
dropped  and  the  ejection  load  will  only  be  applied  at  Station  103.  The 
tables  of  safety  reflect  the  values  for  Station  103. 

The  maximum  stress  for  the  ejection  load  of  10,000  pounds  was  90,000 
psi.  The  Point  2  flight  loading  gave  a  maximum  longeron  stress  of 
87,000  psi.  These  are  all  elastic  stresses  at  the  surface;  plastic  capa¬ 
bilities  would  provide  greater  margins. 

Case.  For  the  captive  flight  load,  the  membrane  stress  levels  in 
the  basic  shell  wall  are  all  very  low  (i.e.,  25,000  psi  or  less).  There 
is  no  problem  with  the  ultimate  safety  factor.  However,  there  are  small 
localized  areas  with  high  bending  stress  which  cannot  theoretically  meet 
the  required  safety  factor  upon  yield.  Under  the  ejection  load,  at  the 
junction  of  the  shell  to  the  strongback,  the  STAGS  program  predicts  a 
large  moment  in  the  shell  because  the  strongback  does  not  rotate.  Com¬ 
patibility  of  rotation  causes  a  high  bending  stress  in  the  shell  as 
shown  by  Fig.  4-13.  Examination  of  the  displacements,  as  shown  in  Fig. 
4-14,  indicates  there  is  no  great  discontinuity  in  replacements.  Minor 
plastic  redistribution  would  allow  rotation  at  the  juncture,  thus 
removing  the  moment.  This  is  not  a  moment  that  must  be  carried  by  the 
shell  but  one  that  results  because  of  the  compatibility  of  rotation 
requirement  that  has  been  imposed  by  the  computer  program. 

The  lug  loading  was  in  the  opposite  direction  and  the  maximum 
stress  was  only  53,000  psi  at  the  juncture  for  the  Point  2  loading 
condition. 

These  stress  levels  are  not  realistic  for  design  of  the  structure  and 
have  been  presented  only  for  completeness  of  the  report. 

The  critical  load  on  the  attachment  flanges  is  the  requirement  of  a 
moment  of  110,000  in-lb  that  results  from  the  ejection  load.  The  captive 
flight  loads  give  smaller  end  moments.  A  moment  of  165,000  in- lb 
ultimate  distributed  as  a  cosine  variation  results  in  a  maximum  axial 
line  load  of  1,460  pounds /inch  ultimate.  This  gives  a  maximum  bolt  load 
of  1,955  pounds  and  shell  stress  of  29,000  psi.  Conformation  has  been 
made  with  the  STAGS  analysis,  which  applied  end  moments  of  72,000  in-lb 
and  there  were  no  unexpected  stresses. 
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FIG.  4-14.  Plane  Under  Load. 

Lugs 

The  lugs  were  analyzed  by  manual  calculation  and  the  critical  margin 
was  a  0.5  margin  on  pin  shear.  A  lug  and  retention  system  model  has 
since  been  tested  to  an  ultimate  loading  of  16,500  pounds  with  no  visible 
yielding. 

DYNAMIC  ANALYSIS 

NASTRAN  Dynamic  Model 

A  NASTRAN  model  of  the  GORJE  tank  was  constructed  mainly  to  study 
the  natural  modes  of  vibration  and  dynamic  response  of  the  tank.  The 
problem  was  run  on  a  CDC  6600  using  a  MacNeal  Schwendler  version  of 
NASTRAN  (MSC-20).  As  the  tank  is  symmetrical  about  a  vertical  plane 
through  the  center,  the  cyclic  symmetry  option  was  used. 

The  various  model  elements  are  described  as  follows: 

1.  The  end  sections  of  the  tank  were  modeled  with  rectangular 
and  triangular  plate  sections. 

2.  The  longitudinal  sections  of  the  tank  were  modeled  with  rec¬ 
tangular  plates. 

3.  The  fluid  was  modeled  by  use  of  solids  having  a  high  bulk 
modulus  (simulating  incompressibilitj ) . 

4.  The  longitudinal  stiffeners  (longeron)  and  the  forward  ring 
were  modeled  with  offset  beams.  These  beams  are  not  shown  in 
the  computer  drawings. 
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A  number  of  NASTRAN  drawings  of  various  sections  of  the  structural 
model  were  drawn  primarily  to  check  for  errors  in  the  model.  However, 
these  drawings  provide  a  vivid  picture  of  the  structural  model  of  the 
(half)  tank.  Figs.  4-15  through  4-17  show  the  front,  side,  and  rear  ele¬ 
vations,  respectively,  of  the  outer  shell  of  the  tame.  Figs.  4-18 
through  4-25  show  the  sections  comprised  of  solid  elements  used  to  model 
the  fluid  of  the  half-filled  tank.  These  sections  are  shown  as  ortho*' 
graphic  views.  In  some  studies,  these  fluid  sections  were  omitted  from 
the  model.  A  listing  of  the  NASTRAN  bulk  data  (Table  4-3)  identifies 
the  elements  and  the  nodal  points  of  the  drawings  and  the  structural  model. 

This  model  was  used  for  two  types  of  studies:  (1)  dynamic  response 
of  the  tank  to  an  ejection  load  and  (2)  frequency-modal  analysis  of  the 
tank  structure.  In  both  of  these  studies,  the  fluid  elements  were 
removed  from  the  tank  so  that  the  results  pertain  to  an  empty  tank.  The 
inertial  effect  of  the  missile  sections  forward  and  aft  of  the  tank  was 
incorporated  into  this  model. 

Dynamic  Analysis  of  the  Ejection  Load 

The  NASTRAN  model  was  primarily  used  to  study  dynamic  loads.  The 
direct  integration  method  (APP  DISP  9)  was  used  to  study  the  response  to 
the  dynamic  ejection  load.  This  load  is  characterized  in  the  specifications; 

F  (t)  =  (10,000  lb) /sin  (tt  t/60)  /  0  <t  <60 

F  (t)  *  0  t  >  60 

where  the  time  (t)  is  in  msec. 

With  reference  to  Fig.  4-16  of  the  structural  model,  the  ejection 
load  was  applied  as  a  vertical  load  on  point  140  of  the  model.  The  tank 
was  supported  on  very  soft  springs  at  two  points  (5  and  185)  in  the  ver¬ 
tical  direction  only. 

The  radial  displacement  of  the  shell  centerline  is  given  under  point 
of  application  of  the  load.  The  maximum  value  shown  on  this  plot  is 
slightly  less  than  that  obtained  from  a  shell  static  analysis. 

It  should  be  noted  that  the  displacements  and  stress  distribution 
followed  the  applied  load  in  form.  As  could  be  shown  by  a  frequency- 
modal  analysis  of  the  tank,  the  frequencies  are  in  such  a  range  that 
excitation  of  the  tank  would  not  be  expected. 

In  Fig.  4-2b,  the  radial  displacement  of  the  point  under  the  load 
is  plotted  versus  time.  In  Fig.  4-27,  a  plot  of  the  maximum  (and  minimum) 
stress  in  the  beam  reinforcement  (strongback)  section  of  the  tank  is 
plotted  versus  time.  These  stresses  occur  in  extreme  fibers  of  the  beams. 
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FIG.  4-17.  Vibration  Study  of  GORJE  Tank  -  Modes  of 
Half-Filled  Tank,  Undeformed  Shape  (Aft  Dome). 


NWC  TP  5835 


I 


FIG.  4-19.  Vibration  Study  of  GORJE  Tank  -  Modes 
of  Half -Filled  Tank,  Undeformed  Shape  (Second  Fluid  Section). 


FIG.  4-18.  Vibration  Study  of  GORJE  Tank  -  Modes 
of  Half-Filled  Tank,  Undeformed  Shape  (First  Fluid  Section). 


FIG.  4-20.  Vibration  Study  of  GORJE  Tank  -  Modes  of 
Half-Filled  Tank,  Undeformed  Shape  (Third  Fluid  Section) 


FIG.  4-21.  Vibration  Study  of  GORJE  Tank  -  Modes  of 
Half-Filled  Tank,  Undeformed  Shape  (Fourth  Fluid  Section) 


FIG.  4-22.  Vibration  Study  of  GORJE  Tank  -  Modes  of 
Half-Filled  Tank,  Undeformed  Shape  (Fifth  Fluid  Section) 


FIG.  4-23.  Vibration  Study  of  GORJE  Tank  -  Modes  of 
Half-Filled  Tank,  Undeformed  Shape  (Sixth  Fluid  Section) 
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FLIGHTWEIGHT  TANK  ANALYSIS 

The  44-pound  flightweight  design  has  been  checked  for  the  captive 
flight  loads  using  the  same  STAGS  computer  program  model  as  that  used  on 
the  flight  test  design.  The  captive  flight  loads  were  the  critical  loads 
on  the  hardware.  The  reduced  basic  case  wall  thickness  and  reduced  strong¬ 
back  cross  section  increased  the  strongback  deflections  and  stresses  by 
25%.  Specifically,  the  maximum  radial  deflection  of  the  strongback  under 
the  10,000-pound  ejection  load  increased  from  0.083  inch  for  the  produc¬ 
tion  design  to  0.102  inch  for  the  flight  design.  The  maximum  strongback 
axial  stress  of  90,000  psi  for  the  production  model  increased  to 
114,000  psi.  These  results  still  give  the  required  1.15  safety  factor 
on  yield  and  there  is  a  minimum  margin  of  safety  on  ultimate  load  of  0.16. 
The  basic  case  wall  stresses  were  increased  by  approximately  9%  and  the 
minimum  margin  of  safety  remained  positive. 

The  pressurized  loading  condition  was  analyzed  for  the  flight  design 
thickness  on  a  final  finite  element  computer  run  as  shown  by  Fig.  4-8. 

A  STAGS  run  was  made  to  check  the  stress  developed  at  the  strongback- 
to-aft  closure  attachment  weld  because  of  pressure  loading.  The  result¬ 
ing  maximum  stress  in  the  case  wall  was  31,000  psi,  giving  a  high  margin 
of  safety. 

Hence,  this  analysis  shows  that  the  weight  reductions  for  the  flight- 
weight  design  did  not  make  a  significant  reduction  in  structural  capa¬ 
bility  from  the  production  model. 
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TANK  MANUFACTURING 

The  GORJE  fuel  tank  assembly  manufacturing  plan  used  for  fabrica¬ 
tion  of  the  ground  test  and  flight  test  units  is  described  in  this 
section. 

Fabrication  materials  and  processes  for  the  ground  test  and  flight 
test  tanks  are  described  in  Table  5-1.  A  flow  chart  of  manufacturing 
and  assembly  operations  is  shown  in  Fig.  5-1.  Photographs  of  the  tank 
structure  during  fabrication  are  presented  in  Figs.  5-2  and  5-3.  A 
further  description  is  detailed  below. 

GROUND  TEST  UNIT  AND  FLIGHT  TEST  MANUFACTURING 
Tank  Structure 

The  ground  test  and  flight  test  tanks  were  manufactured  in-house 
using  the  CSD  manufacturing  facilities  located  at  Coyote  and  Sunnyvale, 
California.  Raw  materials  used  for  fabrication  were  procured  from  cer¬ 
tified  suppliers.  The  forward  closure  (C11202)  and  the  aft  closure 
(C11201)  were  machined  from  4130  plate  per  MIL-S-6758  (condition  A) 
because  the  schedule  did  not  permit  procurement  of  forgings  for  these 
components.  The  parts  were  rough  machined  on  a  tracer  lathe,  stress 
relieved,  100%  magnetic  particle  inspected,  and  machined  to  final  con¬ 
tour.  The  instrumentation  mounting  bosses  were  GTA  fusion  fillet 
welded  to  the  forward  closure  using  a  locating  jig.  The  aft  closure 
was  heat  treated  per  MIL-H-6875  to  140,000/160,000  psi. 

The  forward  conical  shell  (C11209)  was  roll  formed  from  0.060-inch 
thick  4130  sheet  per  MIL-S-18729  (normalized),  GTA  fusion  seam  welded, 
stress  relieved,  100%  magnetic  particle  inspected,  and  final  machined 
to  print. 

The  cylindrical  shell  (C11206)  was  manufactured  using  the  same 
processes  as  the  conical  shell  from  0.060  and  0.090-inch  thick  4130  steel 
per  MIL-S-18729  (normalized).  The  0.090-inch  sheet  is  used  in  the  zone 
adjacent  to  the  longeron  to  provide  a  transition  between  the  nominal 
0.060-inch  shell  and  the  thicker  longeron. 

The  longeron  (C11204)  was  rough  machined  from  annealed  4130  steel 
plate  per  MIL-S-18729,  heat  treated  per  MIL-H-6875  to  140,000/160,000  psi 
100%  magnetic  particle  inspected,  and  final  machined.  The  forward  sway 
brace  ring  (C11203)  was  rough  machined  from  annealed  4130  steel  plate 
per  MIL-S-18729,  heat  treated  to  140,000/160,000  psi  per  MIL-H-6875, 
magnetic  particle  inspected,  and  final  machined  to  drawing  requirements. 

The  remaining  fuel  tank  components  (excluding  fuel  collector  pipe 
and  suspension  lug  details)  were  the  electrical  raceway  conduits  (C11274) 
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FIG.  5-2.  Final  Weldment  in  Semi-Automatic  Welder. 

These  items,  fabricated  from  4130  steel  tubing  per  MIL-T-6739,  were 
trimmed  to  length  and  formed  to  print  contour  dimensions. 

Fuel  tank  assembly  of  the  components  described  above  was  accomplished 
by  the  following  weldment  procedures: 

1.  The  C11214  conduits  were  GTA  fillet  welded  to  the  aft  closure, 
stress  relieved,  and  magnetic  particle  inspected.  Then  the 
C11204  longeron  was  GTA  fusion  (fillet)  welded  to  the  C11203 
forward  ring  and  the  C11201  aft  closure  (with  conduits)  was 
GTA  fusion  butt  welded  to  the  longeron  using  the  weld  tooling 
designed  and  fabricated  for  this  purpose.  This  weldment  sub- 
assembly,  consisting  of  forward  ring,  longeron,  aft  closure, 
and  conduits,  is  shown  in  Fig.  5-3(A). 

2.  The  C11209  forward  conical  shell  was  GTA  fusion  girth  welded 
to  the  C11202  forward  closure,  stress  relieved,  and  100%  mag¬ 
netic  particle  inspected  after  welding.  The  conical  shell/ 
forward  closure  subassembly  was  GTA  fusion  girth  welded  to  the 
C11206  cylindrical  shell,  stress  relieved  after  welding,  and 
100%  magnetic  particle  inspected.  This  weldment  subassembly, 
consisting  of  forward  closure,  conical  shell,  and  cylindrical 
shell,  is  shown  in  Fig.  5- 3(B). 
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3.  Subassembly  A  (above)  was  GTA  fusion  girth  welded  to  subassem¬ 
bly  B  (above)  at  the  cylindrical  shell/aft  closure  interface, 
and  between  the  cylindrical  shell  and  the  longeron.  The  con¬ 
duit  tubes  were  also  fillet  welded  at  the  forward  closure  inter¬ 
face.  These  welding  operations  are  shown  in  process  in  Fig.  5-2. 
Stress  relief  and  100%  magnetic  particle  inspection  of  the 
completed  tank  weldment  was  conducted  subsequent  to  completion 
of  all  welding  operations.  The  completed  weldment  is  shown 
in  Fig.  5-3(C) . 

The  tank  weldment  assembly  was  final  machined  to  incorporate  the 
bolt  hole  patterns  on  each  closure,  the  aft  closure  flange  interface  for 
the  collector  pipe  assembly,  and  the  final  details  on  the  forward  closure 
instrumentation  mounting  bosses.  Final  tank  assembly  operations  con¬ 
sisted  of  degreasing,  cleaning,  hydrotest,  and  inspection. 

The  tank  suspension  lug  assembly  consists  of  lug,  shaft,  sleeve, 
torsion  spring,  lock  spring,  retainers,  and  attach  bolts  and  washers. 

These  components  in  the  assembled  configuration  are  shown  in  Fig.  3-5. 

The  C11207  lug  was  machined  from  a  standard  1,000-pound  stores  suspension 
lug,  4340  steel  forging  per  MIL-S-5000  (normalized).  After  machining, 
the  lug  was  heat  treated  per  M1L-H-6875  to  180,000/200,000  psi  ultimate, 
magnetic  particle  inspected,  and  cadmium  plated.  The  suspension  lug 
shaft  (C11218)  was  machined  from  4340  steel  bar  per  MIL-S-5000  (normalized), 
heat  treated  per  MIL-H-6875  to  180,000/200,000  psi  ultimate,  magnetic 
particle  inspected,  and  cadmium  plated.  The  sleeve  (C11217)  was  machined 
from  ASTM  A-513  mild  steel  tubing  and  cadmium  plated.  The  torsion 
spring  was  manufactured  from  ASTM  A-228  phosphate  coated  steel  wire  by  a 
spring  subcontractor.  The  flat  lock  spring  (C11216)  was  manufactured 
from  17-7  PH  steel  plate  per  MIL-S-25043  (annealed)  and  heat  treated  to 
condition  C950  per  MIL-H-6875  by  a  spring  subcontractor.  The  lug 
retainers  were  machined  from  4130  steel  plate  per  MIL-S-18729  (normalized) , 
heat  treated  per  MIL-H-6875  to  140,000/160,000  psi  ultimate,  magnetic 
particle  inspected,  and  cadmium  plated  per  QQ-P-416  . 

Expulsion  Bladder 

Fabrication  of  the  bladder  is  displayed  in  the  flow  diagram 
(Fig.  5-4).  The  mandrel  washout  plaster  is  prepared  with  a  contour 
simulating  the  inside  configuration  of  the  bladder.  Two  plies  of  the 
nitrile-coated  nylon  fabric  are  vulcanized  to  the  forward  and  aft  bladder 
flanges  between  the  main  attach  rings  and  compression  ring.  These  bonded 
plies  are  separated  during  vulcanization  so  that  the  main  body  plies  may 
be  interlocked  with  them  during  layup  of  the  bladder. 

These  forward  and  aft  flanges  with  bonded  flaps  are  fitted  to  each 
end  of  the  washout  mandrel  and  the  mandrel  surface  (excluding  flanges) 
is  coated  with  a  release  agent.  The  fittings  are  prepared  and  cleaned 
to  facilitate  bonding  to  the  bladder.  Before  being  applied  to  the 
mandrel,  the  nylon  fabric  is  swab  coated  with  a  thin  film  of  uncured 
nitrile  rubber.  Patterns  of  the  fabric  are  cut  to  shape  from  the  sheet 
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FIG.  5-4.  Bladder  Fabrication  Flow  Sheet. 

stock,  including  the  stiffener  ring  and  strongback  depressions  in  the 
mandrel  and  the  main  body  of  the  bladder.  The  patterns  at  the  dome 
areas  are  shaped  to  interlock  for  added  strength.  The  cut  patterns  are 
overlapped  a  minimum  of  1  inch  and  held  in  place  with  a  nitrile  con¬ 
version  adhesive.  The  mandrel  is  fully  covered  with  one  ply  of  the 
coated  fabric  and  coated  with  the  adhesive  conversion  coating.  After  the 
adhesive  sets,  nylon  is  swabbed  onto  the  entire  surface  to  a  minimum 
3-mil  thickness.  Adhesive  is  again  applied  and  a  second  layer  of 
fabric  applied  in  the  same  manner  as  was  the  first  layer,  except  that 
the  joint  areas  are  staggered.  The  longitudinal  strips  and  reinforcements 
are  then  applied  to  complete  the  assembly. 

Curing  is  accomplished  in  a  steam  autoclave  at  about  60  psi,  290°F 
for  3  hours.  The  plaster  mandrel  is  then  washed  out  for  removal  from 
the  bladder. 

Collector  Pipe 

The  collector  pipe  assembly  was  designed  to  use  standard  off-the- 
shelf  materials  and  components  to  provide  low  cost  processing  and  minimum 
lead  time  procurement.  Fabrication  and  operations  were  coordinated  among 
CSD  Manufacturing,  Quality  Control,  and  Vendor  Liaison  departments  to 
assure  conformance  to  design  requirements  within  required  delivery 
schedules . 

The  collector  pipe  assembly  (see  Appendix  B,  Fig.  B-ll)  consists 
of  (1)  the  collector  pipe,  (2)  gas  generator  housing,  (3)  mounting 
flange,  and  (4)  forward  annulus.  The  fabrication  approach  for  these 
components  for  the  ground  test  unit  and  flight  test  units  is  discussed 
below. 
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1-  Outer  Pipe.  Standard  weld  drawn  tubing  of  304SS  3- inch  OD  by 
0.065-inch  wall,  was  procured  in  accordance  with  MIL-T-8506.  The 
tubing  was  cut  to  length,  the  ends  faced,  drilled  as  necessary  with 
3/16-inch-diameter  holes  through  the  wall,  cleaned,  and  stored  for 
subsequent  assembly . 

2.  Gas  Generator  Housing.  Standard  weld  drawn  tubing  of  304SS 

2- 5/8-inch  OD  by  0.049-inch  wall,  was  procured  in  accordance  with 
MIL-T-8506.  The  tubing  was  cut  to  length,  the  ends  faced,  then 
cleaned,  and  stored  for  later  assembly. 

3.  Mounting  Flange.  The  mounting  flange  was  machined  to  drawing 
configuration  from  3/4-inch-thick  304SS  plate  stock.  The  mounting 
flange  hole  pattern  was  drilled  using  the  same  master  pattern  as  for 
the  aft  closure  of  the  fuel  tank.  The  flange  was  then  cleaned  and 
stored  for  later  assembly. 

4.  Closures .  The  annulus  closure  was  machined  from  3-1/8-inch  OD 
by  2-3/8-inch  ID  304SS  tubing.  The  gas  generator  closure  was 
machined  from  3-inch-diameter  bar  stock  parted  in  lengths  of  1/2-inch. 
The  standoff  was  integral  with  the  closure. 

The  collector  pipe  assembly  sequence  is  shown  in  the  flow  chart  of  Fig. 

5-5.  Basically,  the  assembly  is  a  weldment  of  the  previously  described 
subcomponents.  All  welds  were  X-rayed,  fluorescent  penetrant  inspected, 
and  leak  checked  to  ensure  a  100%  seal. 


PRODUCTION  TANK  MANUFACTURING 

Manufacturing  options  considered  for  the  production  tank  configura¬ 
tion  are  listed  in  Table  5-2.  Design  changes  to  the  ground  test  unit/ 
flight  test  unit  configuration  required  to  meet  the  flightweight  pro¬ 
duction  goal  of  44  pounds  are  listed  in  Table  5-3. 

Bladder 

Expulsion  bladder  fabrication  requires  the  same  steps  for  develop¬ 
ment  as  for  production;  only  the  methods  employed  differ.  Fabric  pat¬ 
terns  are  hand  cut  for  small  quantities  whereas  automated  die  cutting 
is  used  in  production  lots.  In  production,  the  application  of  the  nitrile 
to  the  nylon  is  automated.  Multiple  mandrels  are  processed  for  pro¬ 
duction.  The  hand  layup  is  one  constraint;  however,  it  is  required  in 
production  as  well  as  in  development,  although  jigs  and  fixtures  are  used 
extensively  on  production  to  reduce  handling  time. 

*  Tank  Structure 

Fabrication  materials  and  fabrication  processes  for  the  production 
tank  are  described  in  Fig.  5-6  and  in  Table  5-4.  Some  of  the  processes 
recommended  for  production  were  eliminated  during  fabrication  of  the 
ground  test  unit  and  the  flight  test  unit  because  of  the  prohibitive 

i 


55 


NWC  TP  5835 


TABLE  5-2.  Manufacturing  Options  for  Production  Tank  Configuration. 

_ Part  Number _ Manufacturing  Options _ 

Cl  1206  Roll  and  weld  sneet 

Shell,  cylindrical  Power  (shear) spin  cylinder 

Machined  seamless  or  mechanical  tubing 
Machined  forging 

Cl  1201  Machined  from  forged  bar  (round) 

Closure,  aft  Closed  die  forged  and  machined 

Either  the  first  option  or  the  second  with  roll 
and  weld  skirt 
Casting 

Cl 1203  Weldment  (plate) 

Ring,  forward  Forging  (die  or  ring) 

Extrusion  (flash  welded  ring  or  doubler) 

Rolled  bar  (flash  welded  ring  or  doubler) 

Casting 

Cl 120*  Weldment 

Longeron  Forging  (die) 

Casting 

Powder  Metallurgy 

Cl  1202  Closure,  forward  Forged  head  and  skirt  welded  to  roll  and  weld  cone 
Cl 1209  Shell,  conical  Manual  spun  head  and  cone  welded  to  skirt 

Head  and  skirt  machined  from  plate  welded  to 
roll  and  weld  cone 

Hydroformed  head  and  cone  welded  to  skirt 
Deep  drawn  head  and  cone  welded  to  skirt 
Power  (shear)  spun  using  die  forged  or  machined 
preform  (no  welds) 

Casting 


Component 


Longeron  (Cl  1204) 

Ring  (Cl  1203) 

Closure,  forward 
(Cl  1202) 

Closure,  aft 
(Cl  1201) 

Cylinder  (Cl  1206) 

Conical  (Cl  1209) 

Suspension  lug 
components 

Conduits  (C11214) 
Total  (actual) 
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TABLE  5-3.  GORJE  Weight  Summary  I 


Ground  Test 
Unit /Flight 
Test  Unit,  lb 
(Estimated) 

Flight 

Production, 

lb 

7.8 

7.29 

4.5 

3.67 

6.7 

6.27 

10.8 

10.1 

14.7 

12.8 

2.0 

2.0 

1.0 

1.0 

47.5 

44.0 

Remarks 


Add  holes  along  neutral 
axis 

Asymmetrical  casting 

Reduce  wall  thickness 

Reduce  wall  thickness 

Reduce  thickness  to  0.05  in 

Minimum  weight  design 
Fixed  by  NWC  requirement 
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TABLE  5-4.  Material  and  Processes,  GORJE  Fuel  Tank  Production  Unit. 


Part  Ho. 

Item 

Material 

Fabrication  Process 

C11207 

Lug 

4340  steal  forging 
MtL-S-5000  (normalized) 

i 

Machine;  heat  treat  per  MIL- 
H-6875  to  180,000/200,000  pal 
ultimate;  MPI,  cadmium  plate. 

C11218 

Shaft 

4340  bar  par  MIL- S- 5000 
or  4130  bar,  KIL-S-6758 
(normalized) 

Machine;  heat  treat  per  MIL- 
H-6875  to  180,000/200,000  psi 
ultimate;  MPI;  cadmium  plate, 
QQ-P-416. 

C11217 

Sleeve 

AST*  A-513  (typ.  3) 
(C1010/1020  mild  (twl 
tubing) 

Machine  length,  cadmium  plate, 
QQ-P-416. 

C11215 

Spring,  torsion 

ASTM  A-228  steal  wire 
phosphate  coated 

Outside  procurement  per  print. 

C11216 

Spring,  lock 

17-7  PH  aheat  par  MIL- 
0-25043  (annealed) 

Outside  procurement  per  print. 

CU208 

Retainer 

4130  steal  plate  per 
MIL-8-18729  (amaaled 
or  normalized) 

Machine;  heat  treat  par  MIL- 
8-6875  to  140,000/160,000  pal 
ultimate;  MPI;  cadmlim  plate, 
QQ-P-416. 

CX12X0 

Co  IX  actor  pi  pa  assm^ly 
(-11-01,  -12-01,  sad 
-13-01  closures) 
(-14-01,  -15-01 
tubing) 

304  stainless  steel 
plate  QQ-S-766 

304  stainless  steel 
tubing 

HIL-T-8506 

lough  machine  closure  and  tubing 
details;  GTA  fusion  velds;  fluor- 
ascent  penetrant  inspect  velds/ 
final  machine  to  print. 

CXX202 

Closure,  forward 

4130  steal  plate  MIL-S- 
18729  (annealed) 

4130  steel  forging  KIL- 
S-6758  (annealed) 

lough  machine  dome  forging  end 
flange;  GTA  fusion  veld;  final 
machine. 

:  . mmmms 
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TABLE  5-4.  (Contd.) 


Part  Ho* 

lew 

Matarlal 

Fabrication  Process 

C11209 / 
C1X206 

Shell  conical/ 
cylindrical 

4130  steel  plate 
KXL-S-18729  (normalised) 

Sheet  blank  trleoMd  to  else; 
roll  and  weld;  spin  to  shape; 
trie;  chew  will;  final  machine 
to  print. 

C11201 

Closure,  aft 

4130  ateal  plata  MIL-S- 
18729  (annealed) 

4130  ateal  forging  MIL- 
S-6758  (annealed) 

lough  machine  dome  forgin',  end 
flange;  CIA  fusion  veld;  heat 
treat  per  KIL-H-6875  to  140,000/ 
130,000* pal  ultimate;  final 
machine  to  print* 

Cl 1204 

Longeron 

4130  forging  MIL-  - 
(annealed) 

4130  powder  metallugy 
formed  pocket 

lough  machine  longeron  forging; 

CCA  veld  punch  load  webs;  CTA 
veld  pocket;  heat  treat  per  KIL- 
1-6875  to  140,000/160,000  pel 
ultimate;  final  machine  to  print. 

C11203 

Ring,  foward 

4330  ateal  casting 
M1L-S-15083;  heat 
treated  per  lilL-*-6873 
to  140/130  ksl  ulti¬ 
mata 

Final  machine  to  print. 

C11214 

Conduit,  tuba 

4130  ateal  tubing  per 
MIL-T-6736 

Outside  procurement  to  trim 
length;  form  contour  to  print. 

C11224 

Weldment,  fuul  tank 
(-01-01  assembly) 

Aa  deacrlbed  In  part  numbers 
below; 

Cl 1204  longeron 

Cl 1201  closure,  aft 

Cl 1203  ring,  forward 

C11206  shell,  conical 

Cl 1207  shell,  cylindrical 

CTA  fusion  veld  (fUlet)  Cl  1204 
longeron  to  C11203  forward  ring 
and  CTA  butt  weld  aft  closure 
to  longeron;  assemble  two  each 

C11214  conduits;  fillet  weld 
to  aft  closure  to  auks  eft 
tank  subassembly;  100%  MPI. 
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cost  of  tooling  for  these  processes.  The  significant  material  changes 
recommended  for  production  lots,  nominally  in  excess  of  500  units,  are 
as  follows:  (1)  closures  fabricated  from  a  net  forged  dome  with  a 
welded  flange;  (2)  tank  shell  (conical  and  cylindrical  section)  shear 
spun  as  a  single  detail  and  chemically  milled  to  achieve  the  0.090 
to  0.060  transition  in  the  area  of  the  longeron;  (3)  a  cast  variable 
cross-section  sway  brace  ring;  and  (4)  a  forged  or  extruded  longeron 
with  welded  load  webs  and  welded  powder  metallurgy  formed  lug  pockets. 
These  processes,  particularly  the  chemical  milling  and  the  powder  metal¬ 
lurgy-formed  lug  pockets,  will  require  some  additional  development. 

The  production  collector  pipe  will  be  fabricated  from  304  stainless 
steel  tubing.  The  outer  pipe  will  be  machined  from  3.0-inch  OD  by 
0.035-inch  wall  tubing  and  the  gas  generator  housing  (inner  pipe)  from 
2.625-inch  OD  by  0.049-inch  wall  tubing. 

The  collector  pipe  mounting  flange  (C11210-11-01)  and  gas  generator 
forward  clsoure  (C11210-12-01)  will  be  machined  from  either  casting  or 
forging  stock  instead  of  plate  to  minimize  machining  requirements.  The 
annulus  closure (C11210-13-01)  will  be  machined  from  3  1/8-inch  OD  by 
2  3/8-inch  ID  tubing.  All  other  manufacturing  operations  will  be  the 
same  as  used  for  the  flight  test  collector  pipe  fabrication. 

PRODUCTION  TANK  MANUFACTURING  COST  ANALYSIS 

A  manufacturing  cost  analysis  was  conducted  for  the  production 
tank  configuration. 

Expulsion  Bladder 

Subcontract  manufacturing  costs  were  acquired  for  manufacture  of 
the  nylon  reinforced  nitrile  expulsion  bladder.  Cost  tradeoffs  were 
made  for  the  following  design  deletions. 
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1.  Removal  of  external  strips  that  assist  in  bladder  venting. 

The  bladder  can  probably  be  used  minus  venting  strips  without 
causing  a  performance  penalty. 

2.  Removal  of  the  circumferential  depression  used  to  accommodate 
the  sway  brace  ring  and  the  longitudinal  depression  used  to 
accommodate  the  longeron  and  raceway  tubes.  Development  testing 
has  indicated  that  the  bladder  will  probably  bridge  these  areas 
without  failure  during  flight  loads.  However,  a  3%  to  5% 
decrease  in  volumetric  efficiency  can  be  expected. 

3.  Removal  of  metallic  polar  fittings.  The  metallic  polar 
fittings  could  be  replaced  with  fittings  used  to  sandwich 
the  bladder  to  the  collector  pipe  during  assembly;  however, 
a  decrease  in  reliability  in  regard  to  a  potential  leakage 
at  the  polar  interface  can  be  expected. 

A  cost  summary  for  the  baseline  bladder  and  the  three  options  is 
shown  in  Table  5-5. 

Tank  Metal  Structure 


The  manufacturing  cost  analysis  for  the  metal  tank  structure  and 
collector  pipe  is  presented  in  Tables  5-6  through  5-27. 

Cost  trades  were  made  in  the  following  areas: 

Forward  Closure.  A  comparison  of  Tables  5-6  and  5-7  shows  that 
the  forged  closure  with  welded  ring  is  a  lower  cost  manufacturing 
approach  than  a  one-piece  forged  ring  closure. 


TABLE  5-5.  Bladder  Cost  Summary  (Including  Tooling). 


Bladder 

Configuration 

No.  ofJJnits  (Cost/Unit)  $ 

500 

1,000 

2,000 

Baseline  bladder  . 

710 

680 

673 

No  venting  strips . 

695 

665 

658 

No  depressions  . 

682 

652 

645 

No  polar  fitting  . 

625 

595 

588 

All  deletions  included 


582 


552 


545 
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Aft  Closure,  A  comparison  of  Tables  5-8  and  5-9  shows  that  a 
forged  aft  closure  with  welded  flange  is  a  lower  cost  manufacturing 
approach  than  a  one-piece  forged  ring  closure. 

Longeron.  A  comparison  of  Tables  5-10  and  5-11  shows  that  a 
forged  bar  longeron  with  welded  powder  metallurgy  pocket  is  a  lower 
cost  manufacturing  approach  than  a  longeron  machined  from  bar  stock, 
ev^n  though  the  initial  tooling  cost  is  much  higher. 

Sway  Brace  Ring.  A  comparison  of  Tables  5-12  aid  5-13  shows  that 
a  cast  and  heat  treated  sway  brace  ring  is  a  lower  cost  manufacturing 
approach  than  a  forged  ring. 

Tank  Skin.  Four  approaches  were  analyzed  for  the  tank  skin 
fabrication,  as  shown  in  Tables  5-14  through  5-17: 

1.  Spun  section  with  chemical  milled  stiffener 

2.  Spun  section  with  welded  stiffener 

3.  Rolled  and  welded  section  with  welded  stiffener 

4.  Rolled  and  welded  section  with  chemical  mill  stiffner 

The  spun  section  with  chemical  milled  stiffener  is  the  lowest  cost 
manufacturing  approach  for  500  or  more  units.  The  spun  section  with 
welded  stiffener  section  is  less  expensive  for  50  or  less  units. 

Miscellaneous  Hardware.  Costs  per  tank  for  miscellaneous  hard¬ 
ware  including  suspension  lugs  are  presented  in  Table  5-18. 

Forward,  Aft,  and  Final  Assembly  Weldments.  Unit  costs  for  forward, 
aft,  and  final  assembly  weldments  are  shown  in  Tables  5-19  through  5-21. 

Final  Machining.  Final  machining  unit  costs  are  shown  in  Table  5-22. 

Collector  Pipe.  Manufacturing  costs  for  the  collector  pipe  are 
shown  in  Table  5-23. 

Tooling.  The  unit  tooling  costs  for  the  tank  and  collector  pipe 
are  summarized  in  Table  5-24.  These  costs  are  detailed  in  previous 
tables. 

Tank  Manufacturing  Materials  and  Labor.  A  summary  of  tank  unit 
material  and  labor  requirements  is  presented  in  Table  5-25.  The  labor 
requirements,  converted  into  dollars  at  $25/hour  for  manufacturing  and 
$30 /hour  for  engineering  and  quality  support,  are  summarized  in 
Table  5-26. 

Total  unit  costs  including  labor,  materials,  and  tooling  are  pre¬ 
sented  in  Table  5-27. 
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Tank  Assembly  Cost.  Total  tank  assembly  unit  costs  including 
the  baseline  bladder  configuration  and  collector  pipe  are  as  follows. 


No.  of  Units 


50 


Assembly  unit  cost,  $ 


5,767 


500 


2,576 


1,000 


2,247 


2,000 


1,943 


These  costs  represent  a  44-pound  tank  with  a  76-pound  TH-Dimer  fuel 
capacity. 

The  effect  of  tank  weight  on  cost  has  been  analyzed  for  the  follow¬ 
ing  conditions: 

1.  Use  of  1020  mild  steel  for  the  tank  shell 

2.  Use  of  1020  mild  steel  for  the  complete  tank  assembly 

3.  Use  of  net  forged  closures  and  longeion  with  no  contour  finish 

machining 

4*  Use  of  constant  cylindrical  shell  thickness  in  conjunction  with 
2  above. 

All  of  these  changes  will  result  in  a  weight  increase  over  the 
baseline  design.  Lighter  tank  configurations  were  not  analyzed  because 
the  baseline  design  incorporates  all  practical  approaches  to  weight 
reduction  without  the  use  of  exotic  materials  or  manufacturing  processes 
with  attendant  large  increase  in  manufacturing  costs. 

Use  of  the  1020  mild  steel  for  the  tank  shell  will  result  in  a  10% 
increase  in  tank  weight  with  a  negligible  decrease  in  materials  and 
manufacturing  costs. 

Use  of  the  1020  mild  steel  for  the  complete  tank  assembly  will 
increase  tank  weight  over  100%  with  a  reduction  in  manufacturing  cost 
of  less  than  10%. 

Use  of  4130  steel  forward  and  aft  closures  and  longeron  in  the  net 
forged  condition  will  result  in  a  tank  weight  increase  of  over  50%  with 
less  than  a  10%  reduction  in  manufacturing  costs. 

Use  of  a  constant  tank  shell  thickness  (no  chemical  milling)  will 
result  in  a  tank  weight  increase  of  15%  to  20%  with  a  manufacturing  cost 
reduction  of  less  than  2%. 

Examination  of  these  options  shows  that  the  possible  methods  of 
manufacturing  cost  reduction  are  not  worth  the  weight  penalty. 

An  increase  in  tank  volume  over  the  baseline  design  can  be  achieved 
by  increasing  the  ellipse  ratio  of  the  closures.  The  maximum  possible 
volume  increase  with  flat  closui.es  will  result  in  a  volume  increase  of 
less  than  3%  with  a  negligible  cost  increase;  however,  a  large  increase  in 
tank  weight  will  result.  The  baseline  design  is  considered  optimum  from 
the  cost  versus  volume  standpoint.  The  effect  of  bladder  volume  versus 
cost  is  discussed  at  the  beginning  of  this  section. 
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TABLE  5-7.  Forward  Closure  with  Forged  Ring 
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TABLE  5-24.  Tooling  Costs 


Tooling 


Forward  closure  .... 

Aft  closure  . 

Longeron . 

Ring . 

Skin  (50  units)  .... 
Skin  (500  to  2000  units) 
Miscellaneous  hardware 
Forward  assembly  .  .  . 

Aft  assembly  . 

Final  assembly . 

Final  machine  (  50  to 

1,000  units)  . 

Final  machine  (2,000 

units) . 

Collector  pipe . 


Totals  for  50  units 
Totals  for  500  units 
Totals  for  1,000  units 
Totals  for  2,000  units 


Tooling  support,  $ 

Manufacturing  support  at 
40%  fabrication  hours  .  . 
Tool  design  at  100% 
fabrication  hours  .  .  .  . 


Tooling  unit  cost 

Fabricated  at  $25/hr 
Support  at  $  30/hr 
Tool  design  at  $30/hr 

QC  at  $30/hr . 

Totals  . 


Total 
Cost,  $ 

Purchased 
Tooling 
Cost,  $ 

Fabricate! 
!  Tooling 
Cost,  $ 

10,400 

6,500 

3,900 

9,700 

5,800 

3,900 

21,600 

20,000 

1,600 

6 , 390 

5,490 

900 

10,450 

1,200 

9,250 

19 , 700 

1,200 

18,500 

2,250 

-  -  - 

2,250 

750 

-  -  - 

750 

800 

-  -  - 

800 

800 

-  -  -- 

800 

8,650 

8,650 

12,300 

12,300 

3,425 

i 

—  -  - 

3,425 

1 

75,215 

38,990 

36,225 

84,465 

38,990 

45,475 

84,465 

38,990 

45,475 

88,115 

38,990 

49,125 

No.  of  Units 


Fabricated 
Tooling 
Cost,  hr 


1,449 

1,819 

1,819 

1,965 


50 

500 

1,000 

2,000 

580 

728 

728 

786 

1,449 

1,819 

1,819 

1,965 

•s  290 

364 

364 

393 

724.50 

90.95 

45.46 

24.56 

348.00 

43.68 

21.84 

11.79 

869.40 

109.14 

54.57 

29.48 

174.00 

21.84 

10  92 

5.90 

2,115.90 

265.61 

132.79 

71.73 

■ . M&maLfcM 
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TABLE  5-25.  Fabrication  Labor  and  Materials. 


No.  of  Units 

i 

50 

500 

1,000 

2,000 

Fabrication  labor,  hr 

Forward  closure  . 

6 

3.32 

2.33 

2.10 

1.89 

Aft  closure  . 

6 

3.32 

2.33 

2.10 

1.89 

Longeron  . 

5 

2.74 

1.94 

1.75 

1.57 

Ring . 

0.5 

0.28 

0.19 

0.18 

0.16 

Skin .  •  . 

2 

1.10 

0.78 

0.70 

0.63 

Miscellaneous  hardware  .  . 

6 

3.32 

2.38 

2.90 

1.89 

Forward  assembly  .  .  c  .  . 

1.5 

0.83 

0.58 

0.52 

0.47 

Aft  assembly  . 

2 

1.10 

0.78 

0.70 

0.63 

Final  assembly  . 

2.5 

1.38 

0.97 

0.87 

0.79 

Final  machining  . 

20 

11.04 

7.78 

7.00 

6.30 

Collector  pipe  . 

19 

10.48 

7.39 

6.65 

5.98 

Totals  . 7 

'0.5 

38.91 

27.40 

24.67 

22.20 

Manufacturing  support ,  $ 

at  40%  fabrication  hours . 

15.56 

10.96 

9.87 

8.88 

QC  at  20%  fabrication 

hours . , 

7.78 

5.48 

4.93 

4 .44 

Material^  $ 

Forward  closure  . 

47.56 

43.59 

41.75 

40.00 

Aft  closure  . 

62.89 

60.14 

58.34 

55.00 

Longeron . 

51.00 

51.00 

51.00 

51.00 

Ring . 

138.60 

125.70 

119.70 

114.00 

Skin . 

30.00 

30.00 

30.00 

30.00 

Miscellaneous  hardware.  . 

8.15 

8.15 

8.15 

8.15 

Forward  assembly . 

-  -  - 

-  -  - 

- - 

-  -  - 

Aft  assembly . 

-  -  - 

- - 

-  -  - 

- - 

Final  assembly . 

-  -  - 

-  -  - 

-  -  - 

-  -  - 

Final  machining  . 

10.00 

10.00 

10.00 

10.00 

Collector  pipe  . 

15.90 

15.90 

15.90 

15.90 

Totals . 

364.1 

344.48 

334.84 

324.05 

86 
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TABLE  j- 26.  Fabrication  Costs. 


Fabrication  cost  at  $25/hr,  $ 

Forward  closure  ,  ,  ,  ,  ,  ,  .  . 

Aft  closure  .  .  ,  ,  ,  . 

Longeron . . . 

Ring . . 

Skin  . . . 

Miscellaneous  hardware  .  .  .  . 
Forward  assembly  ....... 

Aft  assembly  ......... 

Final  assembly  ........ 

Final  machining  ........ 

Collector  pipe  ...  . 

Total  . 

Fabrication  support,  $ 

Manufacturing  support  at  $30/hr 
QC  at  $30/hr  . 


No.  of  Units 


50 

500 

1,000 

2,000 

83.00 

58.30 

52.50 

47.24 

83.00 

58.30 

52.50 

47.24 

68.50 

48.60 

43.75 

39.36 

7.00 

4.85 

4.38 

3.93 

27.59 

19.44 

17.50 

15.75 

83.00 

58.30 

52.50 

47.24 

20.75 

14.50 

13.00 

11.75 

27.50 

19.44 

17.49 

15.75 

34.49 

24.26 

21.87 

19.68 

275.88 

194.41 

174.97 

157.47 

346.47 

184.69 

166.22 

149.60 

1057.18 

685.09 

616.68 

555.01 

466.80 

328.80 

296.10 

266,40 

233.40 

164.40 

148.05 

133.20 

TABLE  5-27.  Fabrication  Summary. 


No.  of  Units 

50 

500 

1,000 

2,000 

Fabrication  unit  labor,  hr 

Tooling  fabrication  .  .  6  .  .  . 

28.98 

3.64 

1.82 

0.98 

Tooling  support  ........ 

11.60 

1.46 

0.73 

0.39 

Tool  design  . 

28.98 

3.64 

1.82 

0.98 

Tooling  QC  . 

5.80 

0.73 

0.37 

0.20 

Fabrication  .  t 

38.91 

27.40 

24.67 

22.20 

Fabrication  support  . 

15.56 

10.96 

9.87 

8.88 

Fabrication  QC  . 

7.78 

5.48 

4.93 

4.44 

Totals  . 

137.61 

53.31 

44.21 

38.07 

Fabrication  unit  cost,  $ 

Tooling  fabrication  . 

724.50 

90.95 

45.46 

24.56 

Tooling  purification . 

779.80 

77.98 

38.99 

19.50 

Tool  design  .......... 

869.40 

109.14 

54.57 

29.48 

Tool  QC . . 

.  174.00 

21.84 

10.92 

5.40 

Material . .  .  .  . 

364.10 

344.48 

334.84 

324.05 

Fabrication  . 

1,057.18 

685.09 

616.68 

555.01 

Fabrication  support  . 

466.80 

328.80 

296.10 

266.40 

Fabrication  QC . 

233.40 

164.40 

148.05 

133.20 

Tool  fabrication  support.  .  .  . 

348.00 

43.68 

21.84 

11.79 

Totals  . 

5,017.18 

1,866.36 

1,567.45 

1,369.89 
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TESTING  AND  RESULTS 


This  section  presents  the  testing  conditions  and  results  for  the 
GORJE  tank  ground  test  and  flight  test  units,  including  bladder  devel¬ 
opment  expulsion  tests. 


The  bladder  expulsion  test  procedures  and  data  sheets,  and  the 
fuel  tank  assembly,  test,  and  packing  procedures  and  information  are 
presented  as  Appendices  D  and  E, 


The  test  logs  for  the  ground  test  tank  (S/N  001),  flight  test 
tanks  (S/N  002  through  005),  the  spare  collector  pipe  (S/N  002S)  bladder 
(S/N  007S),  and  the  test  bladders  are  shown  in  Appendix  F. 


BLADDER  EVALUATION  TESTS 


The  bladder  design  verification  tests  were  conducted  with  two 
tank  assemblies.  A  plexiglass  tank  was  used  for  the  functional  fit, 
expulsion  efficiency,  life  cycle  expulsion,  and  leak  tests.  The 
ground  test  tank  was  used  for  high  pressure  expulsion  efficiency 
tests  and  verification  of  fuel  capacity  requirements. 


The  bladder  assemblies  successfully  achieved  the  test  objectives 
and  satisfied  the  requirements. 
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Test:  Conditions 


Each  bladder  assembly  was  processed  per  the  leak  test  and  installa¬ 
tion  procedure  (Table  6-1)  and  recorded  on  the  data  sheet  in  Appendix  F. 
Two  bladder  assemblies  were  also  processed  per  the  bladder  expulsion  test 
procedure  (Table  6-2)  and  recorded  on  the  data  sheet  shown  below. 

BLADDER  EXPULSION  TEST  DATA  SHEET 

Test  data 
Bladder  S/N 

Bladder  expulsion  cycle 

Bladder  expulsion  pressure 

Bladder  expulsion  time 

Pretest  expulsion  tank  empty  weight 

Expulsion  tank  loaded  weight 

Fuel  weight 

Expelled  tank  weight 

Expelled  fuel  weight 

Expulsion  efficienty 

Bladder  post-test  leakage  rate 

Bladder  visual  condition 

Remarks  regarding  test  procedure 


The  bladder  assembly  was  visually  examined  to  assure  that  there 
were  no  cracks,  delaminations,  punctures,  or  discrepancies  before  leak 
check  testing. 

Fig.  6-1  shows  the  bladder,  with  collector  pipe,  prior  to  installa¬ 
tion  into  the  tank.  The  basic  bladder  configuration,  as  installed  in  the 
transparent  plexiglass  tank  before  expulsion,  is  shown  in  Fig.  6-2.  The 
folding  characteristics  of  the  1  ladder  are  shown  in  Fig.  6-3. 


Test  Equipment 

Plexiglass  test  tank /ground  test  tank 
GN^  bottle 
Vacuum  pump 
Valves  and  gages 
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IABLl  6-1.  bladder  Assembly  Leak  Test  and 
Installation  Procedure. 

Leak  Cneck  bladder  Assembly,  P/N  Cl 1 193—01—01 

1.  Clean  O-rings  (4}  and  0-ring  surfaces  with  a  lint-free 
cloth.  Lubricate  with  gre< se  per  MIL-G-4343. 

2.  Install  0-rings  P/N  2-037,  2-042,  2-248  to  collector  pipe 
and  G-ring  2-151  to  bladder  assembly. 

3.  Install  bladder  assembly  to  collector  pipe  assembly  P/N 
Cl  1210-01-01 .  (Note:  On  bolt  hole  pattern  of  collector 
pipe  aft  flange,  one  hole  is  offset  for  alignment  of 
bladder  to  collector  pipe.) 

4.  Install  No.  4-30  screws  with  lock-o-seal  P/N  800-330-2, 
Parker  heal  Co.,  on  aft  flange.  (Lock-o-seal  will 
self-center  under  screw  head  with  gentle  pressure.)  Torque 
to  10  to  12  inch-pounds. 

5.  Install  hydrostatic  test  fill  plug  P/N  Cl  1223— 1 1—0 1  (or  NwC 
supplied  fuel  controller)  in  aft  flange.  Secure  with 
retaining  ring,  P/N  N5000-250,  Waldes  Truarc. 

6.  Collapse  the  bladder  by  hand  for  ease  of  installation  into 
the  tuel  tank.  Avoid  sharp  objects  to  prevent  puncture. 

7.  Before  installation,  visually  inspect  the  inside  of  the  fuel 
tank  for  cleanliness. 

8.  Caution:  Align  the  longitudinal  indentation  of  the  bladder 
to  IOC  of  the  fuel  tank.  Slowly  insert  the  collapsed 
bladder  into  the  fuel  tank  and  secure  wi  :h  1/4-28  flat  head 
screws  through  collector  pipe  flange  into  tank  flange. 

Torque  screws  to  70  to  90  inch-pounds. 

9.  Install  a  pressure  gage  and  a  flow  control  valve  on  the 
hydrotest  fill  port  and  a  pressure-vacuum  gage  and  a  f)ow 
control  valve  on  forward  dome  for  backside  pressure  and 
vacuum. 

10.  Pressurize  backside  of  bladder  with  GN2  to  40  psig  for  2  to 
4  minutes  to  bleed  excess  air.  Close  valves  on  fill  port; 
hold  for  5  minutes;  check  gage  for  pressure  change.  When 
pressure  gage  on  fill  port  shows  zero  pressure,  bladder 
shows  no  leaks  and  is  satisfactory. 

11.  Alternate  leak  test  method:  after  pressurizing  backside, 
connect  a  line  on  fill  port  and  put  line  in  a  beaker  of 
water  and  check  for  gas  bubble.  No  bubbles  indicate 
satisfactory  bladder. 
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TABLE  6-1.  (Contd.) 


Positioning  of  Bladder  in  the  Fuel  Tank 


With  bladder  in  the  collapsed  state,  fill  the  bladder  with 
2U  to  30  pounds  of  fluid  and  cap  off  end. 


with  aft  end  up,  slosh  fluid  around  for  30  seconds,  then 
invert  (forward  end  up)  and  slosh  fluid  around  for  another 
30  seconds. 


Place  fuel  tank  in  the  horizontal  position  and  expel  tuid 
by  pressurizing  the  backside  to  40  psig  with  GN2-  Hold 
until  air  is  expelled.  Disconnect  GN2  line. 


Connect  vacuum  line  to  backside  and  evacuate  to  26  to  30 
inches  of  mercury  and  close  valve.  Bladder  positioning  is 
complete . 


NWC  TP  5835 


TABLE  6-2.  Bladder  Expulsion  Test  Procedure. 

1.  Install,  leak  check  and  position  bladder. 

2.  For  plexiglass  tank,  inspect  bladder  *or  proper  setting  on  longeron 
and  forward  ring. 

3.  Fill  bladder  as  follows: 

A.  Vertical  test  position  (Fig.  6-4). 

1.  Pull  vacuum  from  backside  of  bladder.  Check  for  proper 
contact  with  case. 

2.  Fill  with  H^O  (approximately  90-3/4  pounds);  pull  vacuum 
while  filling  to  eliminate  folds. 

B.  Horizontal  test  position  (Fig.  6-5.). 

1.  All  valves  in  OFF  position. 

2.  Open  valves  No.  2  and  3. 

3.  Start  vacuum  pump  and  evacuate  backside  to  28  inches  of  Hg. 

4.  Open  valve  No.  4  and  equalize  the  vacuum  on  both  sides  of 
bladder. 

5.  Close  valve  No.  4. 

f 

6.  Open  valve  No.  5  and  fill  with  fluid. 

4.  Expel  ^0  with  GN2  at  25  to  40  psig. 

5.  Weigh  for  weight  expulsion  and  record  on  data  sheet. 

6.  For  recycle  of  test,  aid  20  to  25  poun  is  HjO  and  pull  a  vacuum. 

7.  Cap  H2O  port  and  invert  case,  slosh  HgO  to  reposition  bladder  in 
case. 

8.  Set  upright  again,  pull  vacuum,  and  fill  bladder  with  ^0  (repeat 
steps  3  through  5) . 

9.  Perform  leak  test  on  bladder  after  every  third  expulsion  test: 
pressurize  backside  and  check  HjO  inlet  for  air  leak  or  pressurize 
bladder  with  gage  and  check  for  pressure  drop. 
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Bladder  Expulsion  Test  (Horizontal) 
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Test  Results 


Leak  Test.  The  bladders  were  leak  checked  with  GN^  at  a  minimum  of 
15  psig  in  accordance  with  the  leak  test  and  installation  procedure. 

Two  bladders  were  sent  back  to  the  manufacturer  for  repairs.  Both 
bladders  had  blisters  on  the  outer  surface  which  were  only  noticeable 
after  evacuation  of  the  volume  between  the  tank  and  bladder.  The  blisters 
were  formed  because  the  cosmetic  coating  was  applied  to  the  surface  after 
it  was  wiped  with  a  volatile  cleaner  and  the  trapped  volatiles  expanded 
during  the  leak  test.  One  bladder  had  a  leak;  it  was  repaired  by  the 
manufacturer.  After  repairs,  all  bladders  were  satisfactory. 

Expulsion  Performance.  Proper  positioning  of  the  bladder  is 
important  to  maximize  the  amount  of  fuel  it  can  hold.  The  expulsion  of 
fuel  contained  was  near  100%,  but  due  to  positioning  of  the  bladder  in 
the  tank,  amounts  of  fuel  contained  in  the  bladder  varied  from  85  to  88 
pounds  of  H_0  (74.9  to  77.6  pounds  of  TH-Dimer  equivalent).  See  Tables 
6-3  and  6-4. 


TABLE  6-3.  Bladder  Expulsion  Test,  S/N  001. 


Cycle 

No. 

Expulsion 

Pressure, 

psig 

Expelled  H2O 
Weight,  lb 

Equipment 
TH-Dimer 
Vi'eight,  lb 

Remarks 

i 

25 

86.2 

! 

76 

'  Vertical  position 
test  (VPT) 

2 

25 

86.5 

76.2 

VPT 

3 

30 

88.0 

77.6 

VPT 

4 

35 

88.0 

77.6 

VPT 

5 

30 

88.0 

77.6 

VPT 

6 

30 

88.0 

77.6 

VPT 

7 

30 

88.0 

77.6 

VPT 

8 

27 

88.0 

77.6 

VPT 

9 

37 

88.0 

77.6 

VPT 

10 

35 

88.0 

77.6 

VPT 

11 

35 

88.0 

77.6 

VPT 

12 

35 

88.2 

77.7 

VPT 

13 

400a 

85.0 

74.9 

Horizontal  position 
test  (HPT) 
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TABLE  6-4*  Bladder  Expulsion  Test,  S/N  004 


Remarks 


Vertical  test 
position  (VTP) ; 
positioned  bladder 
VPT 


VPT; positioned 
bladder 

Not  positioned 
end-to-end 


VPT;  not  positioned 
no  vacuum  pulled 
prior  to  filling 


not  positioned 


HPT  leaked  at 
50  psig;  water 
trapped  between  . 
tank  and  bladder 


k  Expulsion  test  conducted  with  ground  test  fuel  tank. 

Upon  examination  of  the  bladder,  a  metal  chip  was  found  which 
had  punctured  the  bladder.  The  tank  was  recleaned  and  bladder  S/N  001 
was  tested  with  success.  Bladder  S/N  004  was  patched  and  re-leak  tested 
with  satisfactory  results. 


Expulsion 

Pressure, 

psig 

Expelled  H„0 
Weight,  It/ 

Equivalent 
TH- Dimer 
Weight,  lb 

30 

88.0 

77.6 

30 

87.9 

77.5 

40 

88.0 

77.6 

39 

87.9 

77.5 

39 

88.0 

77.6 

38 

88.0 

77.6 

40 

86.2 

76 

40 

84.5 

74.5 

39 

85.5 

75.4 

38 

84.8 

74.7 

37 

84.6 

74.6 

30 

87.6 

77.2 

60a 

84.7 

74.7 
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The  multiple  cycle  tests  were  conducted  on  the  two  bladders  used  for 
expulsion  testing.  The  maximum  theoretical  internal  capacity  of  the  tank 
(excluding  bladder)  was  80.59  pounds  of  TH-Dimer.  Therefore,  the  internal 
volumetric  efficiency  based  on  Tables  6-3  and  6-4  data  was  estimated  at 
96.3%  with  no  ullage.  Ullage  requirements  for  the  vehicle  mission  have 
not  been  specified. 

During  the  first  test  in  the  ground  test  unit,  the  bladder  was  damaged 
by  a  metal  chip,  causing  a  leak.  The  bladder  was  patched  and  tested  again 
with  satisfactory  results. 

Expulsion  Life  Cycle.  Two  bladders  were  expelled  a  total  of  18 
times  each  with  no  apparent  deleterious  effects.  Life  expectancy  with 
cold  gas  should  be  at  least  25  cycles. 

Bladder  Expulsion  Pressure  Logs.  No  measurable  pressure  drop  was 
observed  during  expulsion  testing.  A  3"  to  5-psi  drop  was  measured 
between  GN„  inlet  pressure  and  fuel  outlet  line  pressure;  however,  this 
loss  was  primarily  caused  by  the  1/4-inch  discharge  line. 

TANK  TESTS 

The  fuel  tank  and  collector  pipe  were  subjected  to  structural  testing 
and  successfully  achieved  test  objectives  and  satisfied  requirements. 

The  ground  test  tank  and  collector  pipe  were  used  in  the  bladder  expul¬ 
sion  test  and  the  fuel  expulsion  efficiency  test.  The  collector  pipe 
and  bladder,  as  assembled  in  the  tank,  are  shown  in  Fig.  6-6. 


Proof  Pressure  Test 


The  fuel  tank  was  tested  to  the  requirements  of  hydrostatic  test 
assembly  D/N  C11223  and  Operations  and  Quality  Record  Procedure  1002 
(Appendix  D)  .  See  Fig.  6-7  for  the  hydrotest  schematic.  The  tank  was 
filled  with  water  and  water  soluble  oil  and  pressurized  with  GN2* 

The  collector  pipe  was  tested  to  the  requirements  of  hydrostatic 
test  assembly  C11222  and  Operations  and  Quality  Record  Procedure  1003 
(Appendix  D)  .  See  Fig.  6-8  for  the  hydrotest  schematic.  The  collector 
pipe  was  filled  with  water  and  water  soluble  oil  and  pressurized  with 

gn2. 
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6-6.  Collector  Pipe  and  Bladder  Assembled 
in  Ground  Test  Tank. 
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FIG.  6-7.  Fuel  Tank  Test 


FIG.  6-8.  Collector  Pipe  Test 
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GORJE  FUEL  TANK  SUSPENSION  LUG  STRUCTURE  TEST 


SCOPE 


t  covers  testing  of  the  proposed  GORJE  tank  suspen- 
to  the  ultimate  load  conditions  for  captive  flight 


OBJECTIVE 


The  objective  of  the  test  was  to  verify  the  structural  adequacy  of 
the  proposed  design. 

PROCEDURE 


Two  test  units  were  fabricated  as  follows 


The  suspension  lug  was  machined  from 
lug  forging  (P/N  1252628), 


a  standard  1,000-pound  store 


The  machined  lug  was  heat  treated  to  180,000  psi  minimum  ultimate 
tensile  strength. 

The  shaft  was  fabricated  from  4340  steel  per  MIL-S-5000  and  heat 
treated  to  180,000  psi  minimum  ultimate  tensile  strength. 

A  test  fixture  was  fabricated  from  140,000  psi  minimum  ultimate 
tensile  strength  material.  The  test  fixture  was  designed  to  simulate 
the  side  wall  configuration  of  the  GORJE  tank  longeron  in  the  area  of 
the  lug  recess. 


components  used  are  shown  in  Fig.  7-1.  The  assembled  test  unit 
in  Fig.  7-2.  The  unit  was  tested  in  CSD’s  Tinius-Olsen  300,000- 
lsile  test  fixture  (Fig.  7-3)  as  follows: 

Each  unit  was  taken  to  limit  load  (11,000  pounds)  for  two  cycles. 
Load  was  relaxed  to  a  no-load  condition  between  cycles. 

Units  were  subsequently  subjected  to  ultimate  load  (16,500  pounds) 
monitoring  load  versus  deflection  using  an  electronic  deflecto- 
meter  with  readout  printed  by  an  XY  recorder. 


RESULTS 


The  test  results  confirmed  the  structural  capability  of  the  two 
units  to  withstand  ultimate  load  conditions  for  captive  flight.  Figure 
7-4  shows  the  load  versus  deflection  curves  for  both  units.  (NOTE: 
Deflection  is  for  total  test  setup;  therefore,  no  deflection  scale  is 
shown  on  Fig.  7-4.)  Visual  examination  of  all  components  after  test  con¬ 
firmed  that  no  permanent  deformation  occurred. 
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FIG.  7-3.  Tinius  Olsen  Tensile  Test  Fixture 
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CONCLUSIONS 

Based  on  the  test  results  of  the  two  units  which  had  been  randomly 
selected  from  a  20-unit  lot,  machined  to  the  proposed  design  configura¬ 
tion  and  heat  treated  per  drawing  requirement,  it  is  concluded  that  the 
proposed  design  will  meet  all  program  requirements. 
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Appendix  A 


GORJE  FUEL  TANK  ASSEMBLY  DATA  PACKAGE 


GORJE  FUEL  MANAGEMENT  SYSTEM 


Baseline  Design 


Theory  of  Operation 


Pressurization  Subsystem .  The  pressurization  subsystem  is  a  nozzleless 
cool  gas  generator  t, used  in  the  centrally  mounted  collector  pipe  assembly. 
The  gas  exhausts  through  holes  in  the  collector  pipe  assembly  mounting 
boss  at  the  forward  end  of  the  fuel  tank.  Pressure  is  regulated  by  a 
relief  valve. 


Expulsion  Device.  The  expulsion  device  is  nominally  an  elastomeric 
bladder  attached  to  the  collector  pipe  assembly  at  the  tank  ends.  Gases 
from  the  gas  generator  collapse  the  bladder  forcing  fuel  through  holes 
in  the  collector  pipe  and  down  the  annular  gap  between  the  collector  pipe 
and  gas  generator  housing  to  the  fuel  controller. 


Fuel  Controller.  The  fuel  controller  is  an  altitude  scheduled, 
bellows  activated,  cavitating  venturi  valve.  Fuel  from  the  collector 
pipe  enters  the  fuel  controller  through  radial  holes  and  exits  through 
the  aft  tank  closure  to  a  normally  closed  explosive  valve.  As  the  fuel 
controller  is  normally  open,  the  tank  is  filled  back  through  the  fuel 
controller.  A  fill  vent  is  also  provided  in  the  fuel  controller. 


GORJE  FUEL  TANK  ASSEMBLY  BASELINE  DESIGN  AND  REQUIREMENTS 


Fuel  Tank 


See  Fig.  A-2.  Structural  design  criteria  are  shown  on  Fig.  A-3 


Collector  Pipe 


The  bladder  will  be  compatible  with  the  following  environment 
at  a  pressure  of  450  psig  and  a  temperature  of  550° F; 
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FIG.  A-l.  GORJE  FMS  Baseline. 
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The  bladder  functions  properly  in  this  environment  for  120  sec 
(maximum  fuel  expulsion  cycle) . 


The  bladder  will  be  compatible  with  ramjet  fuel  TH  Dimer, 
MIL-F-82522A,  to  ensure  proper  functioning  after  a  storage 
period  of  5  years.  Compatibility  includes  minimal  structural 
degradation,  bladder  swell,  fuel  permeation,  and  fuel 
contamination. 


The  assembly  will  expel  a  minimum  of  1.3475  ft  of  fuel  after 
a  storage  period  of  5  years.  The  bladder  will  contain  suf¬ 
ficient  ullage  to  prevent  structural  failure  of  the  assembly 
over  a  fuel  storage  temperature  range  of  -40°F  to  140°F. 
Expulsion  efficiency  is  determined  as  outlined  in  this  appendix 


TESTING 


The  GORJE  fuel  tank  assembly  will  be  tested  at  NWC  as  listed  in  this 
subsection.  Test  conditions  are  to  be  considered  as  design  requirements 
which  the  full  assemblies  must  meet  before  acceptance. 


Vibration  and  Impact  Testing,  See  Fig-  A-5 


Vehicle  Ground  Test-  A  semi-freejet  test  of  a  prototype  flight  test 
vehicle  using  flight-type  components  in  the  ground  test  unit  will  be 
conducted.  The  proper  functioning  of  the  fuel  tank  assembly  will  be 
determined  at  that  time. 


Tank  Structural  Testing.  Each  tank  will  be  subjected  to  a  proof 
pressure  test  at  450  psi  internal  pressure.  A  leakage  test  also  will  be 
conducted  at  450  psi  internal  pressure.  The  leakage  rate  will  not  exceed 
2  psi/min  with  air  as  the  working  fluid  for  the  baseline  bladder  design. 
If  the  contractor  proposes  an  expulsion  device  that  permits  fuel  to 
contact  the  tank  walls,  the  leakage  rate  will  not  be  discernible  over  a 
period  of  120  seconds  at  450  psi  internal  pressure  with  TH  Dimer  as  the 
working  fluid. 


Gas  Generator 
Exhaust  Products 

Mole 

Fraction 

Gas  Generator 
Exhaust  Products 

Mole 

Fraction 

FeO 

0.00020 

C 

0.06364 

H20 

0.11542 

n2 

0.06140 

H2 

0.30088 

FeCl2 

0.00040 

CO 

0.21137 

CH4 

0.03306 

CO  2 

0.11358 

COS 

0.00023 

HC1 

0.07883 

h2s 

0.02094 

FREQUENCY,  Hz 

CAPTIVE  FLIGHT  VI BRATION  TEST 
DURATION:  1  HR 


3  db/OCTAVE 


0.001  U - 1 - ! 

20  220  I,! 

FREQUENCY,  H 
FREE  FLIGHT  VI BRATIO 
NOTE:  EJECT  LAUNCH  TEST  DURATION:  lMIt 

PULSE:  F  It)  *  (10,000  LB)  SIN  [(^tl 

t  IN  MSEC 
0  <  t  <  60  MSEC 


Expulsion  Testing,  NWC  will  supply  the  contractor  with  a  flight- 
type  fuel  controller  for  use  in  the  expulsion  testing.  The  bladder 
design  will  be  tested  to  confirm  structural  integrity,  proper  functioning, 
and  cycle  life  at  pressurization  gas  conditions  or  450  psi,  550QF.  The 
contractor  will  estimate  the  cycle  life  of  the  bladder  under  flight 
conditions.  Total  expulsion  efficiency  of  the  flight  design  will  be 
determined  experimentally  on  the  following  basis: 

1.  Loading  Efficiency  —  theoretical  fuel  volume  less  inerts  and 
voids.  The  bladder  and  bladder  mounts  will  be  considered  inerts. 
However,  the  volume  occupied  within  the  3— inch— diameter  col¬ 
lector  pipe  assembly  and  corresponding  tank  mounting  cup  will 
not  be  considered  as  theoretically  available  fuel  volume. 

2.  Expulsion  Efficiency  -  fuel  expelled  divided  by  fuel  loaded. 

3.  Permeability  and  leakage  loss  for  5  year  storage  -  need  only  be 
documented. 

4.  Total  Expulsion  Efficiency  (%)  -  fuel  expelled  divided  by 
(theoretical  fuel  volume)  times  100  minus  percentage  of  perme¬ 
ability  and  leakage. 

Pressure  loss  from  the  gas  pressurization  inlet  to  fuel  controller 
cavity  will  not  exceed  40  psi  at  400  psi  pressurization  and  maximum  fuel 
flow  rate  (nominally  3.2  pounds/second  TH  Dimer  with  the  tank  at  a 
0-degree  flight  path  angle.  The  fuel  controller  will  incorporate  a 
pressure  tap  for  this  purpose. 
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FIG.  B-2.  Bladder  Assembly,  Fuel  Tank 
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FIG.  B-6.  Longeron,  Fuel  Tank 


... 


“j  n,uoN'2i 
J-  'JfcooKtt  i**fG 
<u  j^o*)*0  j£ 

“o  5- 

°?  SsSSJi  -i 

UMP  </*2 

cr o  >.ta^<u  a a 

0  ?25o»o  0g 

Q  "j^ii2  Oa 

UJ^  ^j*-0  ;  0  ' 

ll  ItiHtt  $ 


0<fl0  ,u,^i-w^c Jt- 
>f^'h23«>u2lCi:i2a2 

•S«5<aSSud|8e» 

S^jJssilJssSs 


N  rfi^t 


i  °\  So^§  o ^ 2 |ij  ffins  o 

>  §  n  d°  injji  ~  2  ^  $-p  0 1:  (^nx  10 

goq?.  §>u«2  2<f(0ui^5  ujJJJ  ; 

5  ^  ifj  0  0  rfi  -  J*  — ■  iii  'Ti  ^  >  irt  *  ®  i*  lJ  r\  I 

At»„  xgoM--®  §«<iS^  8  Ul  ,  2  U 

cf  •  5  .  >  2  D  at  0  2  5  2  2  ui  t  ->cC^l«5-|4l«2^0  t 

5$2*oS$*S  (n?5|gg  5  j!SsB<Si02p  I 
S^^fSSa^o  o^o^w  2 g*J  fi 

ijSfcS*o!^  WAf'i  85gP?a‘?I,p2|"  5 

oS^  ^  Ja<0  f  2  4  UJ  Q>  n2  .A^-lh^lP  Q 

1"  tt  ?  ®  0  H  jO^;^5323lUa2  J  X 

*“S  OMS1  n  n  2  J  D  &  Jfo-  “9 

:s^g=;jsE  8“.^g  ggssse-^iBi  js 
liiis#*  J>3jj8 

-SjigSrfj  s^tSs^a^Ktt^ j? 
2s-oS5s2jss5«3-s<i  ^SfiStuisgssSmjiji 

SSla«aSo«i“FSS§2Sggi2^2goOgR5|8 

,LUal^^4D0LLJ^Q£IUEnahf“n9<fA^n4a:^§^^Cf2J 

y2^j:joyncii<tnjaSoo020<H3ijiir:ii.of:HDci<D 
b  01  ?  un  2  rt  2 


a  ^ 
111  o 
a  u 


0° 
cO  r 
00  CD 


v9  s9 
O'  (0  4 

^  \r  —  - 
66  0 


FIG.  B-10.  Shell,  Tank,  Forward 
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FIG.  B-14.  Spring,  Flat 
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FIG.  B-18.  Fuel  Tank. 
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NOTES 

l.  UNLESS  OTHERWISE  SPECIFIED'- REMOV«iM 
BURRS,  BREAK  SHARP  EDGES  ,OOS - .020  ^ 
RADII  TO  BE  ,020  WAV. 

I,  HYDROSTATIC  TEST  TO  IOO  PSIGi  ft  PSIG,^ 
2  TO  3  Ml  NUTS S.  LEAKAGE  RATE  SHALL  N01 
A  MORE  THAW  Z  PSIG  PER  MIWUTE- 
^  APPLY  A  TWIN  COATING  OF  ITEM  14-  TO 

UNDER  HEAD  >SHAWK  MOD  THREADS,  PRIOR  f* 
RIC  AT  IWG,  CUE  AM  THREADS  TO  REMOVE  H 
A  PARTICLES. 

A\  IMSPECT  AND  CLEAN  G-RING,0'R:WG  GiRCj 
ANO  SEALING  SURFACES  WITH  AUNT  PH* 
CLOTH. 

5.  ALL  TESTING  TO  BE  PERFORMED  IW  A  VCRT^ 
ATT’TUDB  UNLESS  AUTC  APPROVED  M3 
IS  USED  TO  ELIMINATE  ENTRAPPED  AlFVj 
IN  THE  HORIZONTAL  POSITION. 

G.  USE  HYDROSTATIC  TEST  FLUID  OF  7.0  PARTI 
AND  OWE  PART  WATER  SOLUBLE  OIL.  ALTR 
TEST  FLUIDS  MAV  SB  USEO  IF  PRIOR  AC* 
OF  UTC  IS  OBTAINED. 

1.  AFTER  HYDROSTATIC  TEST,  ALL  C-OMPOWp 
SHALL  BE  CLEANED,  DECREASED,  INS^PI 
AND  SHALL  DAVE  A  THIN  COATI  MG  OF  ^1 
A  IVE  OIL  APPLIED, 

PARKER  SEAL  CO.,  O-SEAL  DIV.  OF  PARK«I<M 
I  FI  W  CORP.  CULVER  C  ITY,CAL  IF.  (.OR  AOP* 
A  EQUIV.') 

TORRUF  ITEMS  TO  lO'lZ  |N, LBS  PER  SKC^l) 
A  SHOWN  IW  VlfcW  ft-B. 

DOW  CORNING  CHEMICAL  CO,,  MIDLAND,  M|l 
A  COR  APPROVED  BQ.UIV.') 

METAL  STAMP  PART  NO.  WITH  Vt  INCH  HI0il 
ACTERS  APPROX  AS  SHOWN . 


BOSS  PER 

2  PLACES  lecf  APART 


Ol  A  THRU 

ij.  places  eq  sp 


l.  SGB 

2.3C.G 


DETAIL  A 


ru*H£* 


view  B-B  El 

TORQ.US  SEQUENCE;  1,7.4,10, 
SCALE:  NOME 


FIG.  B-19.  Hydrostatic  Test  Assembly 
Collector  Pipe. 
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NOTES 

I.  UNLESS  OTHfiBWiatt  SPECIFIED',  REMOVE  ALU 
BURRS,  5REM  SHARP  EDGES  .OOS  -  .020  .  F  ILLET 
RADII  TO  BE  .020  MAY. 

1.  HYDROSTATIC  TEST  TO  lOO  PSIGt  B  PSIG  FOR 
tT03  WIWUTES  LEAKAGE  RATE  SHALL  NOT  Be 
MORE  than  Z  PSIG  PER  Ml  KJUTE- 
APPLY  ATWIkJ  COATING  OP  ITEM  14  TO  ITEM  <*, 
UNDER  HE  AD  .SHANK  AND  THREADS  PRIOR  TO  LUB¬ 
RICATING  .  CLEAN)  THREADS  TO  REMOVE  FOREIGN 

A  PARTICLES 

a\  inspect  and  clean  o-ring,  o-fung  GROOVE 
AND  SEAJLIWG  SURFACES  WITH  A  LINT  FREE 
CLOTH. 

5.  ALL  TESTING  TO  BE  PERFORMED  IN  A  VSRT1  CAL 
ATTITUDE  UNLESS  A  UTC  APPROVED  METHOD 
IS  USED  TO  ELIMINATE  ENTRAPPED  AIR  WHEN 
IN  THE  WORlEONTAL  POSITION, 

<o.  USE  HYDROSTATIC  TEST  FLUlO  OF  20  PARTS  WATER 
AND  OWE  PART  WATER  SOLUBLE  OIL.  ALTERNATE 
TEST  fluids  MAY  BE  USED  IF  PRIOR  APPROVAL 
OF  UTC  IS  OBTAINED. 

7.  AFTER  HYDROSTATIC  TEST,  ALL  COMPONENT  S> 
SHALL  BE  CLEANED,  DEGREASED.INSPECTED 
AND  SMALL  HAVE  A  THIN  COATING  OF  PROTECT- 

A  IVS  OIL  APPLIED. 

Tfc,  PARKS «  SEAL  C0,,0-36AL  DIV.  OF  PARKER  HANN¬ 
IFIN  CORF’  CULVER  CITY, CALIF.  I.OR  VOpROVED 

A  e  out  vo 

^  TORQUS  IT£M<=»  TO  10-12  IN. LBS  PER  SEQUENCE 

A  SHOWN  IN  VIEW  B-B. 

T)\  DOW  CORNING  CHEMICAL  CO.,  MIDLAND,  MICH. 

A  COR  APPROVED  EGCUIV.'i 

J\  METAL  STAMP  PART  NO.  WITH  Vt  INCH  HIGH  CHAR¬ 
ACTERS  APPROX  AS  SHOWN. 
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19.  Hydrostatic  Test  Assembly 
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DETAIL  ITEM  10 


notes: 

I.  UULSSSOTHEBVKI9I  SPECIFIED'.  REMOVE  ALL 
BURRS,  BREAK  SHARP  EDGES  .005  -  .02.0. 

FILLET  RADII  TO  SC  .020  MAX. 

1.  HYDROSTATIC  TEST  To  *50  P*IG  ±  ID  PSIG  FOB 
l$*TOSO  GBCONOS.  LEAKAGE  RATE  SHALL  WOT 

A  BE  MORE  THAW  2  PSIG  PER  MIWUTE. 

'l\  APPLY  A  THIN  COATING  OF  ITEM  2B  TO  BOLTS, 
(.UNDER  HEAP  ,  SHANK  AND  THREADS')  ,THR CADE D 
HOLES,  AND  FACES  OF  WASHER.  PRIOR  TO  LUB¬ 
RICATING  ,  C LEAN  THREADS  TO  REMOVE  FOR' 

A  EIGV  PARTICLES. 

^INSPECT  AND  CLEAN  O-RIUGS,  O-R  l  UG  GROOVES 
AND  SCALING  SURFACES  WITH  A  LINT  FREE 
CLOTH.  LUBRICATE  WITH  ATUIW  COATING  OF 
ITEM  2T 

5.  ALL  TESTING  TO  BE  PERFORMED  IN  A  VERTICAL 
ATTITUDE  UNLESS  A  UTC  APPROVED  METHOD 
IS  USED  TO  ELIMINATE  ENTRAPPED  AIR  WHCW 
IN  THE  HORIZONTAL  POSITION]. 

A  USE  HYDROSTATIC  TEST  FLUID  OF  20  PARTS, 
WATER  AND  OWE  PART  WATER  SOLUBLE  Ol  L. 
ALTERNATE  TEST  FLUIDS  MAY  BE  USED  IP 
PRIOR  APPROVAL  of  UTC  IS  OBTAINED. 

1.  AFTER  HYDROSTATIC  TEST,  ALL  COMPONENTS 
SHALL  BE  CLEANED,  DEGREASED,  INSPECTED 
AND  SHALL  HAVE  A  THIN  COATING  OF  PROTECT- 

.  ive  oil  applied. 
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FIG.  B-2C.  Hydrostatic  Test  Assembly 
Fuel  Tank. 
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Appendix  C 

AERODYNAMIC  LOADS  FOR  GORJE 


A  complete  structural  analysis  of  the  GORJE  fuel  tank  assembly  is 
necessary  to  determine  the  aerodynamic  loads  exerted  on  the  fuel  tank 
which  result  from  aerodynamic  forces  on  the  forebody  and  the  afterbody. 

In  particular,  the  force  and  moment  at  both  the  forward  and  aft  attach 
skirts  is  required.  The  aerodynamic  loads  are  a  function  of  the  angle  of 
attack  which  the  vehicle  experiences  during  captive  flight  on  the  launch 
aircraft.  A  method  for  determining  the  angle  of  attack  is  given  in 
MIL-A-8591D  dated  2  January  1968.  However,  examination  of  the  recommended 
formulas  for  Points  2  and  6  (see  Fig.  11  of  MIL-A8591D)  reveals  that  effec¬ 
tive  angles  of  attack  of  48.3  and  43.6  degrees  could  be  expected  at  a  flight 
condition  of  M  =  0.8,  H  =  5,000  ft  (q  -  788  lb/ft2).  These  angles  of 
attack  are  considered  to  be  unrealistically  large  and  the  loads  calculated 
using  these  values  would  not  be  appropriate.  Discussion  with  NWC  confirmed 
that  MIL-A-8591D  gives  unrealistic  angles  of  attack  and  it  was  agreed  that 
the  angle  of  attack  should  be  limited  to  20  degrees.  An  angle  of  attack 
of  20  degrees  is  in  the  range  where  nonlinear  aerodynamic  effects  could 
be  expected.  However,  it  is  assumed  that  linear  aerodynamics  will  predict 
forces  which  are  slightly  higher  than  would  occur  and  are  therefore  con¬ 
servative  for  structural  load  purposes. 

The  value  of  for  the  forebody  is  estimated  using  the  method  of 
DATC0M,  section  4. 2. 1.1 a,  following  the  example  shown: 

d  -  10  in.  -  0.833  ft 

£b  -  80  in.  «  6.67  ft 

f  -  &B/d  =  6.67/0.833  *  8.01 

VB  =  1/3TT  (2 •  5) 2  4.5  +  1/31T  (3.252  +  2.52  +  3.25  x  2.5)  5 
+  1/3tt  (4. 82  +  3.252  +  4.8  x  3.25)  13 
+  1/3-rr  (52  +  4.82  +  5  x  4.8)  9.5 

+  |  (10)2  48 

=  29.4  +  130.5  +  669.5  +  716.3  +  3769.9 
=  5315.6  in3 

All  figure  numbers,  section  numbers,  and  nomenclature  referenced  in 
this  appendix  are  taken  from  R.  D.  Finck,  USAF  Stability  and  Control 
DATCOM,  October  1960  (Rev.  January  1974),  Flight  Control  Division, 

Air  Force  Flight  Dynamics  Laboratory,  Wright-Patterson  Air  Force  Base, 
Ohio. 
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0.469/radian  (based  on  V 


1.82 /radian  (based  on  S  ) 


M. 


Since  the  nose  lift  has  been  included  as  a  forebody  force,  %  ~  0 .  (T\ 
values  of  KW(B)  an*'-.  Kg(w)  are  found  in  Fig.  4.3.1.2-10,  Appendix  II  .) 


The  value  for  (CL  )  is  found  in  DATCOM 


10. 4 /radian  (based  on  SQ) 


10.4/radian  (baaed  on  SQ) 


The  value  of  Cma  for  the  forebody  will  be  calculated  using  the  method 
in  section  4. 2. 2.1  of  DATCOM.  The  local  body  cross  sectional  area  is 
required. 


Station 

Diameter, 

in. 

s  ,  ft2 

X 

x,  ft 

0 

0 

0 

0 

4.5 

5.0 

0.136 

0.375 

9.5 

6.5 

0.230 

0.792 

22.5 

9.6 

0.503 

1.875 

32.0 

10.0 

0.545 

:  2.667 

80.0 

10.0 

0.545 

6.667 

(dS  /dx)Ax 


Station 


088  =  1.827/radian  (based  on  VB) 


1.55/radian  (based  on  S  ,  SL  =  6.667  ft) 


As  before,  the  lift  of  the  nose  is  included  as  a  forebody  force  and  Cl 


^W(B)  anc^  %(W)  are  f°und  in  Fig*  A. 3. 1.2-10  of  Appendix  II 


The  value  of 


is  found  from  Fig.  4.1.4.2-22 


«WbUS" 


The  value  of 


is  found  as  outlined  in  Step  6  of  Appendix  IV 


Interpolating  gives 


pressure  can  now  be  calculated 


NWC  TP  5835 


The  pitching  moment  curve  slope  for  a  moment  center  located  at  station 
111.125  is 


Cma  -  CLa  (Xm  -  X)/£ 


10.4  x 


33.S  +  0.279  x  20.7  „ 
6.667  x  12 


5.11 


C  \  =  5.11 /radian  (based  on  SQ,  %  -  6.667  ft) 

m«)a 


The  aerodynamic  forces  and  moments  can  now  be  calculated.  The  maximum 
aerodynamic  loads  are  given  below: 


Point 


2  or  6 


Lf,  lb 


273 


Mf,  ft-lb 


1549 


L  ,  lb 
a 


1559 


M  ,  f: t-  lb 

a 


5106 


NOTE:  L  is  the  lift  in  lb  normal  to  wind  direction-.  • 

M  is  the  moment  in  ft-lb. 
f  =  forward, 
a  =  aft. 

It  must  be  remembered  that  the  aerodynamic  loads  given  above  are  the 
maximum  values.  Since  the  values  for  as  can  be  zero,  it 
that  the  aerodynamic  loads  can  also  be  zero.  The  use  of  these  loads 
the  structural analysis  must  consider  the  possibility  of  zero  values  and, 
therefore!  selection  of  the  worst  case  will  be  made  during  that  analysis. 

The  values  of  CLa  and  %  are  applicable  to  all  points  on  the  load 
diagram.  Should  it  be  necessary  to  evaluate  loads  at  point  evaluate 

2  or  6,  it-  is  only  necessary  to  determine  the  new  value  of  as  and  evaluate 

the  corresponding  forces  and  moments. 
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OPERATI  ONS  ANO  OUALI  TY  RECORD 

0OSOR  0  CHANGE  ORDER  0  I  DR  PIAN 

PART  NO.  T  I  TL  f. 

Cl  1225-01 -02  Fuel  Tank  Assembly  GORJE 


f»EU  NO.  PACE 


CONFIGURATION  AUTHORITY 


ETC  CNG  I  A  C  £  «  DATE  Q y  AL_^Tr  AS f£LM£jf£  DATE  NEXT  ASSY*  END  ITEM 

T .  C.  Warren  %l-h  R,  Higgs  Final _ 


CHANGE  ORDER  RECORD 


GENERAL*  INSTRUCTIONS 

A.  This  O&QR  provides  the  documentation  for  the  assembly  of  a  GORJE 
tank  assembly  (C  1 1225-01 -02)  for  delivery  to  NWC. 

B.  Applicable  Documents 

Required  ECOs 

Drawings  ECOs 


C 1 1 225  Rev  A 


Fuel  Tank  Assembly  GORJE 


Information 


Drawings 


Cl  1222  N/C 


Cl  1223  N/C 


UTC-567 


Hydrostatic  Test  Assembly  Collector  Pipe 
Hydrostatic  Test  Assembly  Fuel  Tank 
Packaging  Data  Card  (PDC)  Form  2518 


All  operations  performed  per  this  O&QR  shall  be  performed  within 
the  scope  of  the  UTC  Safety  Manual. 

All  parts,  components  and  materials  shall  have  evidence  of  Quality 
Acceptance  prior  to  issue. 

Operator,  Area  Supervisor,  or  Quality  Assurance,  as  applicable, 
shall  stamp  those  operations  indicated  in  the  COMPL.  STAMP  or 
OPS.  VER.  columns. 

Complete  history  sheet  as  applicable. 

Upon  completion  of  this  O&QR,  submit  planning  package  to 
Acceptance  Center. 


UTC  3409A  (11/67) 
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t^y  v 


OPERATIONS  AND  QUALITY  RECORD 

CONTINUATION  SHEET 


PART  NO. 


PLAN  REV 

N/C 


COMPL, 

STAMP 


OPERATJON5 


Obtain  parts  and  materials  listed  on  configured  parts  list  from  stores 


Verify  that  each  part  and  material  received  is  as  specified,  has  a  re¬ 
corded  QA  document  number  (status  tag  No.,  log  No.,  as  required)  and 
has  no  damaged  parts.  Record  all  serial  numbers,  lot  numbers  and 
status  tag  numbers  on  configured  parts  list. 


Inspect  all  expulsion  tank  parts  for  handling  damage 
sealing  surfaces,  tank  I. D. 


Visually  inspect  bladder  assembly  (Cl  1193)  for  any  evidence  of 
handling  damage. 


Assemble  two  attach  lugs  per  drawing  Cl  1225  using  Items  10,  11 
13,  14,  15,  16,  28,  29  and  32. 


Assemble  collector  pipe  (C 1 1 2 10)  to  fuel  tank  (Cl  1224)  with  screws 
Item  27  of  drawing  Cl  1225,  for  shipping  only.  Tighten  screws 
finger  tight. 


Identify  fuel  tank  assembly  P/N  C 1 1225 -0 1  -02,  and  applicable  serial 
number  per  Note  1  of  drawing  Cl  1225. 


Draw  the  following  items  from  stores  and  package  in  kit  form  for 
shipment  to  customer. 


Print  Cl  1225 


Item  No 


Bladder  Assembly 

Ring  Retainer 

Screws 

Cotter  Pin 

Streamer  Assembly 

O-rtng 

O-ring 

O-ring 

Lock-O-Seal 


QC  verify  identification  and  accountability 


Deliver  all  components  to  Shipping  Department  for  packaging 
accordance  with  packaging  data  card  2518. 


UTC  3409E  (7/72) 


PLAN  REV, 


[PART  NO. 

C11225-01-02 


title 


Fuel  Tank  Assembly  GORJE 


SERIAL  NO.  OR 
QC  TRACE  NO. 


ENGINEERING 
CHANGE  ORDERS 


DWG/SPEC.  NO. 
AND  REVISION 


PART  NO. 


PART  NAME 


C11224-01-02 


C11210-01-01 


Collector  Pipe  Assy 


C11208-02-01 


Retainer,  Lug 


C11207-01-01 


Lug,  Suspension 


C11218-01-01 


Shaft 


C11217-01-01 


C1X2 08-01-01 


Retainer,  Lug 


C11215-01-01 


Spring,  Helical 
Torsion 


C112 16 -01-02 


Spring,  Flat 


SCR,  CAP,  SCH,  STL 
BLK  Oxide,  Flat  82° 
CSD,  1/4-28  UNF-2A  x 
.50  Lg. 


SCR,  CAP,  Button  Hd, 
STL  BLK  Oxide,  10-32 
UNF-2A  x  .31  Lg. 


Screw  Cap,  Button  Hd 
STL,  BLK  Oxide 
6-32  UNC-2A  x  25  Lg. 


Washer,  Flat,  Round 
STL. 


MS27183-8 


Grease  per  MIL-G-4343 
or  equiva. 


Thread  compound 
lubricant 


•mmam 


FUEL  TANK  HYDROSTATIC  TEST  ASSEMBLY 
(O&QR  No.  1002) 


C1X222 


Hydrostatip  Test  Assy  -  Collector  Pi 


Final 


COMPL 

STAMP 


OPER 

NO. 


OPERATIONS 


GENERAL  INSTRUCTION 


This  06QR  provides  the  documentation  for  the  hydrostatic  test  of  a 
collector  pipe  assembly  (C11210-01-01) . 


B.  Applicable  Documents 


Required 


ECQs 


Drawings 


C11222  N/C 


Hydrostatic  Test  Assembly  Collector  Pipe 


All  operations  performed  per  this  G&QR  shall  be  performed  within  the 
scope  of  the  UTC  Safety  Manual* 


D.  All  parts,  components  and  materials  shall  have  evidence  of  Quality 
Acceptance  prior  to  issue. 


Operator,  Area  Supervisor,  or  Quality  Assurance,  as  applicable 
shall  stamp  those  operations  indicated  in  the  COMPL.  STAMP  or 
OPS.  VER.  columns. 


F.  Complete  history  sheet  as  applicable 


G.  Upon  completion  of  this  O&QR,  submit  planning  package  to 
Acceptance  Center. 


NWC  TP  5835 


i 

i 


OPERATIONS  AND  QUALITY  RECORD 

CONTINUATION  SHEET 


OPER. 

NO 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 


PART  NO. 

C11223 


REL.  NO. 

1002 


PAGE  2 

OF  4 


OPERATIONS 


Obtain  parts  and  materials  listed  on  configured  parts  list  from  stores. 

Verify  that  each  part  and  material  received  is  as  specified,  has  a 
recorded  QA  document  number  (status  tag,  no.,  log  no.,  as  required)  and 
has  no  damaged  parts.  Record  all  serial  numbers,  lot  numbers  and 
status  tag  numbers  on  configured  parts  list. 

Visually  inspect  o-ring  surfaces  for  signs  of  abrasion,  cuts,  or  other 
defects. 

Visually  inspect  all  o-ring  mating  surfaces.  Nicks,  scratches,  pits  and 
tool  marks  are  not  allowed. 

Clean  and  lubricant  all  o-rings  and  o-ring  surfaces  with  a  thin  coat  of 
Parker  o-ring  lube  or  equivalent. 

Clean  all  screws  and  bolts  of  foreign  material  and  apply  a  thin  coat  of 
lubricant. 

All  items  assembled  per  drawing  C11223. 

Assemble  item  10  to  item  7  finger  tight.  Plug  port  in  item  7  to  be  leak- 
proof.  Install  into  item  6  using  iters  19  and  22. 

Assemble  item  8  to  item  6  using  items  17  and  20.  Torque  item  17  to 
10-12  in.  lb. 

Assemble  item  6  collector  pipe  C11210-01-01  tc  item  5  fuel  tank 
C11224-01-Q2  with  items  16,  21,  Torque  item  16  to  100-120  in.  lb. 

Install  items  9  to  fuel  tank  C11224-01-02  using  item  15  torque  to 
23-30  in.  lb. 

Fill  tank  with  hydrostatic  test  fluid  per  C11223  note  6. 

Insert  one  AN-6  plug  into  on  item  9  port. 

Connect  pressure  line  to  fuel  tank  to  second  item  9  port  (pressure  line 
to  have  manual  cut-off  valve). 

Position  valve  in  off  position. 

Place  fuel  tank  in  proof  testing  box.  Connect  pressure  line  to  inside  of 
thru-bulkhead  fitting  in  box. 

Connect  GN2  bottle  line  to  outside  of  testing  box  thru  bulkhead  fitting. 
Turn  cut-off  valve  to  "on"  position. 

Increase  pressure  to  450  psig  ±  10  psig  for  15  to  30  seconds. 


COMPL. 

STAMP 


UTC  3409E  (7/72) 


PLAN  REV 


C11223 


COMPL. 

STAMP 


OPERATIONS 


COLLECTOR  PIPE  HYDROSTATIC  TEST  ASSEMBLY 
(O&QR  No.  1003) 


OPERATI ONS  AND  QUALI TY  RECORD 

0  O&GR  □  CHANGE  ORDER 


PART  NQ, 

C11223-01-01 


7  l  TLE 

Hydrostatic  Test  Assy  -  Fuel  Tank 


engineer  777/;-. 

T.  C.  Warren  ' 


Final 


CONFIGURATION  AUTHORITY 


COMPL 

STAMP 


GPER 

NO, 


OPERATIONS 


GENERAL  INSTRUCTIONS 


This  06QR  provides  the  documentation  for  the  hydrostatic  test  of  a 
fuel  tank  (C11224-01-01) . 


B.  Applicable  Documents 


Required 


No.  18873 


C11223  N/C 


Hydrostatic  Test  Assembly  Fuel  Tank 


All  operations  performed  per  this  06QR  shall  be  performed  within 
the  scope  of  the  UTC  Safety  Manual. 


D.  All  parts,  components  and  materia!  '  shall  have  evidence  of  Quality 
Acceptance  prior  to  issue. 


Operator,  Area  Supervisor,  or  Quality  Assurance,  as  applicable,  shall 
stamp  those  operations  indicated  in  the  COMPL.  STAMP  or  OPS.  VER. 
columns . 


F.  Complete  history  sheet  as  applicable 


G.  Upon  completion  of  this  O&QR,  submit  planning  package  to  Acceptance 
Center. 


UTC  3409 A  (11/67) 


NWC  TP  5835 


OPERATIONS  AND  QUALITY  RECORD 

CONTINUATION  SHEET 


WEU.  NO,  PAGE  3 

1003  QF  2 

PLAN  REV, 


OPERATIONS 


Obtain  parts  and  materials  listed  on  configured  parts  list  from  stores. 

. 

Verify  that  each  part  and  arterial  received  is  as  specified,  has  a 
recorded  QA  document  number  (status  tag.  no.,  log  no.,  as  required)  and 
has  no  damaged  parts.  Record  all  serial  numbers,  lot  numbers  and 
status  tag  numbers  on  configured  parts  list. 

Visually  inspect  o-ring  surfaces  for  signs  of  abrasion,  cuts,  or  other 
defects. 

Visually  inspect  all  o-ring  mating  surfaces.  Nicks,  scratches,  pits  and 
tool  marks  are  not  allowed. 

Clean  and  lubricate  all  o-rings  and  o-ring  surfaces  with  a  thin  coat  of 
Parker  o-ring  lube  or  equivalent. 

Clean  all  screws  and  bolts  of  foreign  material  and  apply  a  thin  coat  of 
lubricant . 

All  items  assembled  per  drawing  C11222. 

Assemble  item  6  to  item  5  using  items  9,  10  and  11.  Torque  item  ?  to 
10-12  in.  lb. 

Pill  item  5,  collector  pipe,  thru  port  of  item  6  with  hydrostatic  fluid 
per  note  6. 

Plug  one  port  of  item  6  with  plug  AN-6  and  connect  pressure  line  to 
second  port  pressure  line  to  have  manual  cut-off  valve. 

Position  valve  in  off  position. 

Place  collector  pipe  in  proof  testing  box.  Connect  pressure  line  to 
inside  of  thru-bulkhead  fitting  in  box. 

Connect  GN2  bottle  line  to  outside  of  proof  testing  box  thru-bulkhead 
fitting. 

Turn  cut-off  valve  to  "on”  position 

Increase  pressure  to  100  psig  ±  5  psig  for  2  to  3  minutes.  Leakage  rate 
shall  not  be  more  than  2  psig  per  minute. 

QA  verify  . 

Shut  off  pressure. 

Reduce  pressure. 

Disassemble,  clean  and  dry  components.  Apply  thin  coating  of  protective 
oil. 


UTC  3409E  (7/72) 


jPART  NO. 

C11222 


SERIAL  NO. 


QWG/5PEC.  NO, 
AND  REVISION 


ENGINEERING 
CHANGE  ORDERS 


PART  NAME 


C11210-01-01 


Collector  Pipe  Assy 


C1X222-11-01 


Adapter 


Washer  Flat,  Worn 
No.  4 


Grease  or  Equiv 


Thread  Compound 
Lubricant 
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NWC  TP  5835 


Appendix  E 


FUEL  TANK  ASSEMBLY  PACKAGING  DATA  CARD 
(PDC  2518) 
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NWC  TP  5835 


Appendix  F 

TANK  AND  BLADDER  TEST  LOGS 


TEST  RESULTS 


GORJE  TANK  ASSEMBLY 


Part  Number 


Serial  Number 


Page  Numbers 


C11225-01-01 

C11225-01-01 

C11225-01-02 


C11225-01-02 


C11225-01-02 


,  ...  ....  . . , 


NWC  TP  5835 


Co.r.. -sonant 

Part  No. 

GORJE  Tank  Assembly 

C11225-01-01 

Fuel  Tank 

C11224-01-0I 

Collector  Pipe 

C112 10-01-01 

Bladder  Assembly 

C11193-01-Q1 

Lug,  Suspension 

C112 07-01-01 

S  ieeve 

C11217-01-01 

Shaft 

C11218-01-01 

Retainer,  Lug 

C112 08-01-01 

Spring,  Helical, 

Tors  ion 

C11215-01-01 

Spring,  Flat 

C11216-01-01 

Ring,  Retainer 

C11219-01-01 

| 

| 

f 

I 


Applicable  ECO*  i 
None 
None 

18851,  18869 
None 
None 
None 
None 
None 
None 

N/A  N/C  None 

N/A  N/C  None 


CONF IGUSATION  SUMMARY  /  DETAILED  PARTS  LIST 


Serial  No. 

Dwg 

031 

N/C 

001 

A 

001 

A 

003 

A 

N/A 

N/C 

N/A 

N/C 

N/A 

N/C 

N/A 

A 

N/A 

N/C 

168 


Pete 


Event 


1/21/75 


Completion  Date 


1/18/75 


of  Fuel  Bladder 


2.  Acceptance  Date 

3.  Completion  Date  of  Collector  Pipe 

4.  Hydrotest  Date  of  Collector  Pipe 

5.  Hydrotest  Date  of  Fuel  Tank 

6.  GORJE  Tank  Assembly  Acceptance  Dai.e 
(DD-250  Sign-off) 


1/15/75 


1/22/75 


1/23/75 


NWC  TP  5835 


CHRONOLOGY  OF  MANUFACTURING  HISTORY 


Fuel  Tank  Serial  So.  _001 — — _ 


■r  ■ 


GORJE  FUEL  TANK 


BLADDER  LEAK  TEST  &  FUNCTIONAL  FIT  DATA  SHEET 


Contract  N00123-74-C-1337 


BLADDER  ASSEMBLY  P/N  Clll 93-01-01 


1.  Bladder  S/N 


2.  Bladder  Weight 


3.  Bladder  Test  Date 


4.  Test  Conductor 


5.  Bladder  Test  Tank 


I  |  Unacceptable 


6.  Bladder  Fitup 


0  Interior  q]  Exterior 


8.  Bladder  Side  Pressurized 


10.  Bladder  Leakage  Rate 


11.  Number  of  Bladder  Expulsion  Cycles 


12.  Test  Conductor  Signature 


ure 


14.  AFPKO  Observer  Signature 


HYDROSTATIC  TEST  REPORT  /  WRIGHT  SUMMARY 


Part  No.  C11223-01-01 


22jan75 


This  is  to  certify  that  the  above  Fuel  Tank  was  hydrostatic  tested  in 
accordance  with  the  requirements  of  UTC  drawing  C11223,  and  was  found 
to  be  acceptable  to  United  Technology  Center. 


Tank  Weight  (without  bladder  and 
collector  pipe  -  must  be  51  lbs 
maximum) 


(UTC  Quality  Assurance) 


*>r*t 


GORJE  FUEL  TANK  COLLECTOR 


PIPE  HYDROTEST  DATA  SHEET 


Contract  N00123-74-C-1337 


PROOF  TEST  COLLECTOR  PIPE  ASSEMBLY 


P/N  C11210-01-01  Per  UTC  D/N  C11222 


2.  Collector  Pipe  Weight 


3.  Collector  Pipe  Capacity 


5.  Test  Conductor 


6.  Test  Location 


7.  Test  Fluid 


0.  Proof  Test  Pressure  Duration 


min 


2.  Test  Conductor  Signature 


’_5.  AFPRO  Observe  Signature 


. . .  . . — * . . 


GORJE  FUEL  TANK 


HYDRO TEST  DATA  SHEET 


Contract  N00123-74-C-1337 


PROOF  TEST  FUEL  TANK  P/N  C11224-01  01 
per  UTC  Hydrostatic  Test  Assembly  D/N  C11223 


2.  Tank  Weight 


4.  Test  Conductor 


&  u-'KU  c')L. 


6.  Test  Fluid 


3  Ec_iUiv/  Tr> 
Th 


mtm 


10.  Proof  Test  Pressure  Duration 


Observe  Signature 


14.  AFPRO  Observe  Signature 


NDT  REPORT 


GORJE  Fuel  Tank 


C11225-01-01 


Date  23Jan75 


This  Fuel  Tank  was  magnetic  particle  inspected  in  accordance  with 
drawing  note  4  of  drawing  C11224  before  hydrostatic  test,  and  per 
drawing  note  15  of  drawing  C11223  after  hydrostatic  test,  and  was 
found  to  be  acceptable  to  United  Technology  Center. 


All  other  miscellaneous  components  which  are  part  of  the  assembled 
Fuel  Tank  were  examined  by  e'DT  in  accordance  with  the  applicable 
drawings,  and  were  found  to  oe  acceptable  to  United  Technology.  Cente 


(UTC  Quality  Assurance) 


1  m  i  i  I 


INTERFACE  FEATURE  REPORT 


:nspection  Points 


Acceptable  to  drill  jig 
Acceptable  to  drill  jig 


o  Forward  Skirt  Inspection 


o  Aft  Skirt  Inspection 
o  Forward  Dome  Boss  to  Bladder  1 itting 
o  Aft  Dome  Boss  to  Collector  Pipe 


Functiona  l 


Functional  fit  acceptable 


Functional  fit  acceptable 


Functional  fit  accepta 


o  Attach  Lugs  to  Tank  Longeron 


wrsuafc 


1  ‘ 


CONFIGURATION  SUMMARY  /  DETAILED  PARTS  LIST 


Component 


Applicable  ECO's 


GORJE  Tank  Assembly  C11225-01-01 


None 


C11224-01-02 


18969,  18987 


Collector  Pipe 


C11210-01-01 


18851,  18869 


Bladder  Assembly 


C11193-01-01 


None 


Lug,  Suspension 


C11207-01-01 


None 


Sleeve 


C11217-01-01 


None 


Shaft 


C11218-01-01 


None 


Retainer,  Lug 
Retainer,  Lug 
Spring,  Helical 
Torsion 


C112 08-01-01 
C11208-02-01 
C11215-01-01 


None 

None 

None 


Spring,  Flat 


C11216-01-C2  N/A 


None 


C11219-01-01 


None 


jgmMsmmiism 
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NWC  TP  5835 


CHRONOLOGY  OF  MANUFACTURING  HISTORY 


Fuel  Tank  Serial  No.  002 


Event 


1.  Completion  Date  of  Fuel  Tank 


2,  Acceptance  Date  of  Fuel  Bladder 


3.  Completion  Date  of  Collector  Pipe 


4.  Hydrotest  Date  of  Collector  Pipe 


5.  Hydrotest  Date  of  Fuel  Tank 


6.  GORJE  Tank  Assembly  Acceptance  Date 
(DD-250  Sign-off) 


.»  n.S’sy.;*:*  HWWJW 


Date 


1/21/75 


4/16/75 


4/7/75 


4/11/75 


4/16/75 


4/24/75 


’.s'  •  '♦r^’ ‘(*,'1^^ 


I 


••  '-V*$ 


B.;  KV 


Ip 

I 
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p 
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GOKJE  FUEL  TANK 


BLADDER  LEAK  TEST  &  FUNCTIONAL  Fn  DATA  SHEET 


2516-003 


Contract  N00123-74-C-1337 


BLADDER  ASSEMBLY  P/N  C11193-01-01 


Bladder  S/N 


2.  Bladder  Weight 


3.  Bladder  Test  Date 


4.  Test  Conductor 


5.  Bladder  Test  Tank 


|vj Acceptable  P]  Unacceptable 


6.  Bladder  Fitup 


9.  Bladder  Leak  Test  Pressure 


10.  Bladder  Leakage  Rate 


11.  Number  of  Bladder  Expulsion  Cycles 


12.  Test  Conductor  Signature 


13.  Q.A.  Observer  Signature 


14.  AFPRO  Observer  Signature 


NWC  TP  5835 

HYDROSTATIC  TEST  REPORT  /  WEIGHT  SUMMARY 

Part  No.  C11223-01-01 _ 

Serial  No.  002 _ 


This  is  to  certify  that  the  above  Fuel  Tank  was  hydrostatic  tested  in 
accordance  with  the  requirements  of  UTC  drawing  C11223,  and  was  found 
to  be  acceptable  to  United  Technology  Center. 


Tank  Weight  (without  bladder  and 
collector  pipe  -  must  be  51  lbs 
maximum) 


WWC  TP  5835 

GORJE  FUEL  TANK  COLLECTOR 


PIPE  HYDR0TF3T  DATA  SHEET 
2516-001 

Contract  N00123-74-C-1337 
UTC  Project  No.  2516 

PROOF  TEST  COLLECTOR  PIPE  ASSEMBLY 
P/N  C11210-01-01  Per  UTC  D/N  C11222 


1.  Collector  Pipe  S/N 

006 

2.  Collector  Pipe  Weight 

10.^0 

lbs 

3.  Collector  Pipe  Capacity 

in3 

4.  Test  Date 

5.  Test  Conductor 

6.  Test  Location 

7.  Test  Fluid 

UlMtR _ 

8.  Test  Pressurant 

_ _ 

9.  Proof  Test  Pressure 

_ loo _ 

psi 

10.  Proof  Test  Pressure  Duration 

min 

11.  Leakage  Rate 

G 

psi/min 

12.  Test  Conductor  Signature 

13.  NDT  Inspection  Results 

14.  q.a.  Observe  Signature 

-7-— 

15.  AFPRO  Observe  Signature 

180 


um&w mmm  ^mfr*wwvmw«'#4*+-  ^**r^w^*«*w*«  -  mmw^*****™* .-«  •* 

NWC  TP  5835 
GOPJE  FUEL  TANK 

HYDRO TEST  DATA  SHEET 
2516-002 

Contract  N00123-74-C-1337 
UTC  Project  No.  2516 

PROOF  TEST  FUEL  TANK  P/N  C11224-01-01 
per  UTC  Hydrostatic  Test  Assembly  D/N  C11223 


1.  Tank  S/N 

2.  Tank  Weight 

3.  Test  Date 

4.  Test  Conductor 

5.  Test  Location 

6.  Test  Fluid 

7.  Tank  Capacity 

8.  Test  Pressurant 

9.  Proof  Test  Pressure 

10.  Proof  Test  Pressure  Duration 

11.  Leakage  Rate 

12.  MPI  Inspection  Results 

13.  Q.A.  Observe  Signature 

14.  AFPRO  Observe  Signature. 

#  WiTKour  ATPVU4  LUfcS. 
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psi 

min 

psi/min 

sv/#  -  c+^s+4  ,r,z>  7:^5  1 1  >  #*.  v 

^*^2-  /<'. 

181 


_ .1 


NWC  TP  5835 


NDT  REPORT 


GORJE  Fuel  Tank 

Part  No.  C11225-01-01 
Serial  No.  002 


This  Fuel  Tank  was  magnetic  particle  inspected  in  accordance  with 
drawing  note  4  of  drawing  C11224  before  hydrostatic  test,  and  per 
drawing  note  15  of  drawing  C11223  after  hydrostatic  test,  and  was 
found  to  be  acceptable  to  United  Technology  Center. 

All  other  miscellaneous  components  which  are  part  of  the  assembled 
Fuel  Tank  were  e:camined  by  NDT  in  accordance  with  the  applicable 
drawings,  and  were  found  to  be  acceptable  to  United  Technology  Center. 


’■  ‘  l"*wf 


NWC  TP  5835 


INTERFACE  FEATURE  REPORT 


Inspection  Points 
o  Forward  Skirt  Inspection 
o  Aft  Skirt  Inspection 
o  Forward  Dome  Boss  to  Bladder  Fitting 
o  Aft  Dome  Boss  to  Collector  Pipe 
o  Bladder  to  Tank  Assembly 
o  Attach  Lugs  to  Tank  Longeron 


Results 

Acceptable  to  drill  jig 
Acceptable  to  drill  jig 
Functional  fit  acceptable 
Functional  fit  acceptable 
Functional  fit  acceptable 
Functional  fit  acceptable 
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NWC  TP  5835 


CONF ICURAT  TOM  SUMMARY 


Component 

Part  Ho.' 

GORJE  Tank  Assembly 

C11225-01-02 

Fuel  Tank 

C11224-01-02 

Collector  Pipe 

C11210-01-01 

Bladder  Assembly 

C11193-01-01 

Lug,  Suspension 

C11207-01-01 

Sleeve 

C11217-01-01 

Shalt 

C112 18-01-01 

Retainer,  Lug 

C112 08-01-01 

Retainer,  Lug 

C112 08-02-01 

Spring,  Helical, 

Tors  ion 

C112 15-01-01 

Spring,  Flat 

C112 16-01-02 

Ring,  Retainer 

C11219-01-01 

/  DETAILED  PARTS  LIST 


Serial  Ho. 

Dug  Rev. 

Applicable 

003 

A 

None 

003 

B 

19378 

003 

A 

18851 

18875 

010 

A 

None 

N/A 

N/C 

None 

N/A 

N/C 

None 

N/A 

N/C 

None 

N/A 

A 

None 

N/A 

A 

None 

N/A 

N/C 

None 

N/A 

A 

None 

N/A 

N/C 

None 

* 


ECO's 


18869, 


184 


CHRONOLOGY  OF  MANUFACTURING  HISTORY 


Fuel  Tank  Serial  No 


Event 


1.  Completion  Date  of  Fuel  Tank 

2.  Acceptance  Date  of  Fuel  Bladder 

3.  Completion  Date  of  Collector  Pipe 

4.  Hydrotest  Date  of  Collector  Pipe 

5.  Hydrotest  Date  of  Fuel  Tank 

6.  GORJE  Tank  Assembly  Acceptance  Date 
(DD-250  Sign-Off) 


NWC  TP  5835 


HYDROSTATIC  TEST  REPORT  /  WEIGHT  SUMMARY 
,r 

Part  No.  C11223-Q1-Q1 _ 

Serial  No.  QQ3 _ 

Date  9-8-75 


This  is  to  certify  that  the  above  Fuel  Tank  was  hydrostatic  tested  in 
accordance  with  the  requirements  of  CSD  drawing  C11223,  and  was  found 
to  be  acceptable  to  Chemical  Systems  Division  of  United  Technologies. 


Tank  Weight  (without  bladder  and  44. 5  lbs 

collector  pipe  -  must  be  51  lbs 

maximum) 


(CSD  Quality  Assurance) 


186 


CORJE  FUEL  TANK  COLLECTOR 


PIPE  HTOR«TEST  DATA  SHEET 


2516-001 


Contract  N00123-74-C-1337 

i 

UTC  Project  No.  2516 


PROOF  TEST  COLLECTOR  PIPE  ASSEMBLY 
P/N  C11210-01-01  Per  UTC  D/N  C11222 


Collector  Pipe  S/N 
Collector  Pipe  Weight 
Collector  Pipe  Capacity 


Test  Date 


Test  Conductor 


Test  Location 


Test  Fluid 


3 

^  _  lbs 

d/k.  _ lb3  . 

J-S. 

O/^Sb  Q/  C. 


Test  Pressurant 


Proof  Test  Pressure 


Proof  Test  Pressure  Duration 


Leakage  Rate 

Test  Conductor  Signature 

NDT  Inspection  Results 
Q.A.  Observe  Signature 
AFPRO  Observe  Signature 


/o<£ 

Z 

ALQjU^— 

^)^dcf7 


psi/min 


BSMlwCiW  V>» IM  .1 


v-,wi 

NWC  TP  5835 

GORJE  FUEL  TANK 
HYDRO TEST  DATA  SHEET 
2516-002 

Contract  N00123-74-C-1337 
UTC  Project  No.  2516 

PROOP  TfST  FUEL  TANK  P/N  C11224-01-01 
per  UTC  Hydrostatic  Test  Assembly  D/N  C11223 


1.  Tank  S/N 

2.  Tank  Weight 

3.  Test  Date 

4.  Test  Conductor 

5.  Test  Location 

6.  Test  Fluid 

7.  Tank  Capacity 

8.  Test  Pressurant 

9.  Proof  Test  Pressure 

10.  Proof  Test  Pressure  Duration 

11.  Leakage  Rate 

12.  MPI  Inspection  Results 

13.  Q.A.  Observe  Signature 

14.  AFPRO  Observe  Signature. 


3 


lbs 


^.Sakoi  'rhrfco  ' 


y 


\4,  O j  Xol-  .  Q\ 


2  3ro 
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psi 

min 

psi/min 
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NWC  TP  5835 


NDT  REPORT 

* 

CORJE  Fuel  Tank  / 

Part  No.  C11225-01-02 
Serial  No.  003 _ 

Date  9-18-75 


n 


This  Fuel  Tank  was  magnetic  particle  inspected  in  accordance  with  drawing 
note  A  of  drawing  C11224  before  hydrostatic  test,  and  per  drawing  note  15 
of  drawing  C11223  after  hydrostatic  test,  and  was  found  to  be  acceptable 
to  Chemical  Systems  Division  of  United  Technologies. 


All  other  miscellaneous  components  which  are  part  of  the  assembled  Fuel 
Tank  were  examined  by  NDT  in  accordance  with  the  applicable  drawings,  and 
were  found  to  be  acceptable  to  Chemical  Systems  Division  of  United 
Technologies. 


INTERFACE  FEATURE  REPORT 


r 

Inspection  Points 
o  Forward  Skirt  Inspection 
o  Aft  Skirt  Inspection 
o  Forward  Dome  Boss  to  Bladder  Fitting 
o  Aft  Dome  Boss  to  Collector  Pipe 
o  Bladder  to  Tank  Assembly 
o  Attach  Lugs  to  Tank  Longeron 


Results 

Acceptable  to  drill  jig 
# 

Acceptable  to  drill  jig 
Functional  fit  acceptable 
Functional  fit  acceptable 
Functional  fit  acceptable 
Functional  fit  acceptable 


I  l 


r: 

l 


F 

[  i  L 


1 1 
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CONFIGURATION  SUMMARY  /  DETAILED  PARTS  LIST 


Applicable  ECO*s 


Component 


GORJE  Tank  Assembly  C11225-01-02 


1&378 


C11224-01-02 


18851,  18889 

18875 

None 


C11210-01-01 


Collector  Pipe 


C11193-01-01 


Bladder  Assembly 


C11207-01-01 


Lug,  Suspension 


C11217-01-01 


Sleeve 


C11218-01-01 


Shaft 


C11208-01-01 


Retainer,  Lug 


C112 08-02-01 


Retainer,  Lug 


C11215-01-01 


Spring,  Helical 
Torsion 


C112 16-01-02 


Spring,  Flat 


C112 19-01-01 


Ring,  Retainer 


None 


*N  Vrt-Tj. 


NWC  TP  5835 


CHRONOLOGY  OF  MANUFACTURING  HISTORY 


Event 


Fuel  Tank  Serial  No.  004? 


1.  Completion  Date  of  Fuel  Tank 

2.  Acceptance  Date  of  Fuel  Bladder 

3.  Completion  Date  of  Collector  Pipe 

4.  Hydrotest  Date  of  Collector  Pipe 

5.  Hydrotest  Date  of  Fuel  Tank 

6.  GORJE  Tank  Assembly  Acceptance  Date 
(DD-250  Sign-Off) 


8-8-75 


4-18-75 


5-28-75 


9-5-75 

9-8-75 


192 


NWC  TP  5835 


HYDROSTATIC  TEST  REPORT  /  WEIGHT  SUMMARY 

Part  No.  C11223-01-01 _ 

Serial  No.  004 _ 

Date  9-8-75 

/ 

This  is  to  certify  that  the  above  Fuel  Tank  was  hydrostatic  tested  in 
accordance  with  the  requirements  of  CSD  drawing  C11223,  and  was  found 
to  be  acceptable  to  Chemical  Systems  Division  of  United  Technologies. 


$ 


♦ 


Tank  Weight  (without  bladder  and 
collector  pipe  -  must  be  51  lbs 
maximum) 


t 


(CSD  Quality  Assurance) 


) 
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NWC  TP  5835 


GORJE  FUEL  TANK  COLLECTOR 


PIPE  HYDROTEST  DATA  SHEET 


2516-001 


Contract  N00123-74-C-1337 


irrc  Project  No.  2516 


PROOF  TEST  COLLECTOR  PIPE  ASSEMBLY 


P/N  C11210-01-01  Per  UTC  D/N  C11222 


Collector  Pipe  S/N 


Collector  Pipe  Weight 


Collector  Pipe  Capacity 


Test  Date 


Test  Conductor 


Test  Location 


Test  Fluid 


Test  Pressurant 


Proof  Test  Pressure 


(f  00 


Proof  Test  Pressure  Duration 


Leakage  Rate 


£_ 

a/a 

3_z£~2JZ. 

J.  s. 

^  )J_ _ 

MvO/ £  OL  »  Ol  L 

_ 

loi _ 

2.  frV 

MoOE 


Test  Conductor  Signature 


NDT  Inspection  Results 


Q.A.  Observe  Signature 


AFPRO  Observe  Signature 


NWC  TP  5835 
GORJE  FUEL  TANK 

HYDRO TEST  DATA  SHEET 

2516-002 

Contract  N00123-74-C-1337 
UIC  Project  No.  2516 


PROOF  TEST  FUEL  TANK  P/N  C11224-01-01 
per  UTC  Hydrostatic  Test  Assembly  D/N  C11223 


Tank  S/N 
Tank  Weight 


Test  Date 


Test  Conductor 


Test  Location 


Test  Fluid 


Tank  Capacity 


Test  Pressurant 


Proof  Test  Pressure 


Proof  Test  Pressure  Duration 


Leakage  Rate 

MPI  Inspection  Results 

Q.A.  Observe  Signature 


AFPRO  Observe  Signature. 


9-S  -  7-T 

- 1  -  ?  Aji  ° 1 _ 

$V  ' 

11-yC  /5cl  CL- 

•2-  In3 

_ 

v-ro  ..I 


psi/min 
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This  Fuel  Tank  was  magnetic  particle  inspected  in  accordance  with  Rawing 
note  4  of  drawing  C11224  before  hydrostatic  test,  and  per  drawing  note  15 
of  drawing  C11223  after  hydrostatic  test,  and  was  round  to  be  accep 
to  Chemical  Systems  Division  of  United  Technologies. 


All  other  miscellaneous  components  which  are  part  of  the  assembled  Fu  1 
Tank  were-  examined  by  NDT  in  accordance  with  the  applicable  drawin0s,  and 
were  found  to  be  acceptable  to  Chemical  Systems  Division  cf  United 
Technologies. 


(CSD  Quality  Assurance) 
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INTERFACE  FEATURE  REPORT 


Inspection  Points 


Results 


o  Forward  Skirt  Inspection 


Acceptable  to  drill  jig 


o  Aft  Skirt  Inspection 


Acceptable  to  drill  jig 


o  Forward  Dome  Boss  to  Bladder  Fitting 
o  Aft  Dome  Boss  to  Collector  Pipe 


Functional  fit  acceptable 


Functional  fit  acceptable 


o  Bladder  to  Tank  Assembly 


Functional  fit  acceptable 


o  Attach  Lugs  to  Tank  Longeron 


Functional  fit  acceptable 


NWC  TP  5835 

CONFIGURATION  SUMMARY  /  DETAILED  PARTS  LIST 


Component 

Part  No/ 

Serial  No. 

Dwg  Rev. 

Applicable  ECO's 

GORJE  Tank  Assembly 

C11225-01-02 

005 

A 

None 

« 

Fuel  Tank 

C11224-01-02 

005 

3 

19378 

Collector  Pipe 

C11210-01-01 

006 

A 

18851,  18869 
18875 

Bladder  Assembly 

C11193-01-01 

012 

A 

None 

Lug,  Suspension 

C112 07-01-01 

N/A 

N/C 

None 

Sleeve 

C11217-01-01 

N/A 

N/C 

None 

Shaft 

C11218-01-01 

n/a 

N/C 

None 

Retainer,  Lug 

C112 08-01-01 

J 

N/A 

A 

None 

Retainer,  Lug 

C112 08-02-01 

N/A 

A 

None 

Spring,  Helical, 
Tors ion 

C7.12 15-01-01 

N/A 

N/C 

None 

Spring,  Flat 

C11216-01-02 

N/A 

A 

None 

Ring,  Retainer 

C11219-01-01 

N/A 

N/C 

None 

CHRONOLOGY  OF  MANUFACTURING  HISTORY 


Event 


1.  Completion  Date  of  Fuel  Tank 


2.  Acceptance  Date  of  Fuel  Bladder 


3.  Completion  Date  of  Collector  Pipe 


A.  Hydrotest  Date  of  Collector  Pipe 
5.  Hydrotest  Date  of  Fuel  Tank 


6.  GORJE  Tank  Assembly  Acceptance  Date 
(DD-250  Sign-Off)  ‘ 


This  is  to  certify  that  the  above  Fuel  Tank  was  hydrostatic  tested  in 
accordance  with  the  requirements  of  CSD  drawing  C11223,  and  was  found 
to  be  acceptable  to  Chemical  Systems  Division  of  United  Technologies. 


Tank  Weight  (without  bladder  and 
collector  pipe  -  must  be  51  lbs 
maximum) 


(CSD  Quality  Assurance) 


WPS* 


NWC  TT  3E35 

GORJE  FUEL  TANK  COLLECTOR 
PIPE  HYDROTEST  DATA  SHEET 
2516-001 

Contract:  N00123-74-C-1337 
UTC  Project  No.  2516 


PROOF  TEST  COLLECTOR  PIPE  ASSEMBLY 
P/N  C11210-01-01  Per  UTC  D/N  C11222 


1.  Collector  Pipe  S/N 

2.  Collector  Pipe  Weight 

3.  Collector  Pipe  Capacity 

4.  Test  Date 

5.  Test  Conductor 

6.  Test  Location 

7.  Test  Fluid 

8.  Test  Pressurant 

9.  Proof  Test  Pressure 

10.  Proof  Test  Pressure  Duration 

11.  Leakage  Rate 

12.  Test  Conductor  Signature 

13.  flDT  Inspection  Results 

14.  q,a.  Observe  Signature 

15.  APPRO  Observe  Signature 


/o.of 

d//>- _ 


Jjj  S4&  l 

si/ 

>,  d  /  Soc. 


/ oo 

2-^V 


psi 


min 


A)  Oaj  £  psi/min 
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NWC  TP  5835 


CORJE  FUEL  TANK 
HYDRO TEST  DATA  SHEET 
2516-002 

Contrac~  N00123-74-C-’337 
UTC  Project  Ho.  2516 


PROOF  TEST  FlTiL  TANK  P/N  C11224-01-01 
per  UTC  Hydrostatic  Test  Assembly  D/N  C11223 


Tank  S/N 
Tank  Height 


Test  Date 


Test  Conductor 


Test  Location 


Test  Fluid 


Tank  Capacity 


Test  Pressurant 


_ r;_ 

7 

±-&^7± 

A  S  Am  i 

Sj) 

jL 

Gaj^ 


Proof  Test  Pressure 


Proof  Test  Pressure  Duration 


Leakage  Rate 
MPI  Inspection  Results 
Q.A.  Observe  Signature 
AFPRO  Observe  Signature. 


^7  c 

S'/'* 


MPT  REPORT 


CORJE  Fuel  Tank 

Part  No.  C11225-01-02 
Serial  No.  QQ5 _ 

Date  9-18-75 


This  Fuel  Tank  was  magnetic  particle  inspected  in  accordance  with  drawing 
note  4  of  drawing  C1122A  before  hydrostatic  test,  and  per  drawing  note  15 
of  drawing  C11223  after  hydrostatic  test,  and  was  found  to  be  acceptable 
to  Chemical  Systems  Division  of  United  Technologies. 


All  other  miscellaneous  components  which  are  part  of  the  assembled  Fuel 
Tank  were  examined  by  NDT  in  accordance  with  the  applicable  drawings,  and 
were  found  to  be  acceptable  to  Chemical  Systems  Division  of  United 
Technologies. 


(CSD  Quality  Assurance) 


INTERFACE  FEATURE  RFPnpf 


Inspection  Pn<n^« 

0  Forward  Skirt  Inspection 
o  Aft  Skirt  Inspection 

°  Porward  Dome  Boss  to  Bladder  Fitting 
°  Aft  Dome  Boss  to  Collector  Pipe 
o  Bladder  to  Tank  Assembly 

°  Attach  I*ugs  to  Tank  Longeron 


Results 

Acceptable  todrill  jig 
Acceptable  to  drill  jig 
Functional  fit  acceptable 
Functional  fit  acceptable 
Functional  fit  acceptable 
Functional  fit  acceptable 


NWC  TP  5835 
CORJE  FUEL  TANK 


BLADDER  LEAK  TEST  &  FUNCTIONAL  FIT  DATA  SHEET 


2516-003 


Contract  H00123-74-C-1337 


UTC  Project  No.  2516 


BLADDER  ASSEH2LY  P/N  C11193-01-01 


« 


1.  Bladder  S/N 

2.  Bladder  Weight 

3.  Bladder  Test  Date 

4.  Test  Conductor 

5.  Bladder  Test  Tank 

\  6.  Bladder  Fitup 

J 

7.  Leak  Test  Gas 

8.  Bladder  Side  Pressurized 

9.  Bladder  Leak  Test  Pressure 

10.  Bladder  Leakage  Rate 

11.  Number  of  Bladder  Expulsion  Cycles 

12.  Test  Conductor  Signature 

13.  Q.A.  Observer  Signature 

14.  AFPRO  Observer  Signature 


Q2.  S 

_ 3^2 _ 

g-  0  /  ~  7s' 


0  Acceptable 

aw*- 

i 

I  I  Interior 


-  -  \ 


'!  )\i  ><•’  , 


I  I  Unacceptable 


Fj  Exterior 


psi/min 


1 


i 

■ 
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NWC  TP  5835 
GORJE  FUEL  TANK 

BLADDER  LEAK  TEST  &  FUNCTIONAL  FIT  DATA  SHEET 
2516-003 


Contract  N00123-74-C-1337 


UTC  Project  No.  2516 


BLADDER  ASSEMBLY  P/N  Cl 11 93 -01 -01 


Bladder  S/N 
Bladder  Weight 


Bladder  Test  Date 


Test  Conductor 


Bladder  Test  Tank 


Bladder  Fitup 


Leak  Test  Gas 


Bladder  Side  Pressurized 


Bladder  Leak  Test  Pressure 


Bladder  Leakage  Rate 


5  r> 
_.)•  *-*• 


LX'} 


7T';  f  -  v  '* 


)>’ '/  I  .  ,  V  *  ' 


uti 


[71  Acceptable  CD  Unacceptable 

a\T: _ 


CD  Interior  J3  Exterior 

•7C-  /v- 

4  k- 


psi/rain 


Number  of  Bladder  Expulsion  Cycles 
Test  Conductor  Signature 
Q.A.  Observer  Signature 
AFPRO  Observer  Signature 


•v^  >  .  • 
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NWC  TP  5835 

cosje  fuel  tank 


BLADDER  LEAK  TEST  &  FUNCTIONAL  PH  DATA  SHEET 


2516*003 

Contract  K30123-74-C-1337 
UTC  Project  No.  2516 


BLADDER  ASSEMBLY  P/N  C11193-01-01 


1.  Bladder  S/ll 

2.  Bladder  Weight 

3.  Bladder  Test  Date 

4.  Test  Conductor 

5.  Bladder  Test  Tank 

4  6.  Bladder  Fltup 


7.  Leak  Test  Gas 


8.  Bladder  Side  Pressurized 

9.  Bladder  Leak  Test  Pressure 

10.  Bladder  Leakage  Hate 

11.  Number  of  Bladder  Expulsion  Cycles 


12.  Test  Conductor  Signature 


13.  Q.A.  Observer  Signature 
16,  AFPkO  Observer  Signature 


oo1?  *3 _ 

3q  -Wj  2  5 _ 

TA.OtC 

n  Acceptable  Q  Unacceptable 

_ 6  >0  x. _ 

n  Interior  pjQ  Exterior 

_ f£o _ 

_ *4  psi _ 


LsJ^jALcn 


pai/ain 
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a 


gorje  fuel  tank 


BLADDER  LEAK  TEST  &  FUNCTIONAL  FIT  DATA  SHEET 


2516-003 


Contract  R00123-74-C-7 337 


UTC  Project  No.  2510 


BLADDER  ASSEMBLY  P/N  C11193-01-01 


Bladder  S/K 
Bladder  Weight 


Bladder  Test  Date 


Test  Conductor 


Bladder  Test  Tank 


Bladder  I itup 


Leak  Test  Cas 


Bladder  Side  Pressurized 


Bladder  Leak  Test  Pressure 


Bladder  Leakage  Rate 

Number  of  Bladder  Expulsion  Cycles 

lest  Conductor  Signature 

Q.A.  Observer  Signature 

APPRO  Observer  Signature 


O  p  < 


^  r 

.  /  s. 


d  *  V  \  -  » / 


\  •  *  '■ '  '  ••  “*. 


(2  Acceptable  Q  Unacceptable 


i 

I  I  Interior  r~|* Exterior 

:-T  -  /  < 


I.  i  r.  \  > 


psi/rnin 


V  & 


NWC  TP  5835 


G(SU£  FUEL  TAIQC 


BLADDER  LEAR  TEST  *  FUliCTIQIAL  FIT  LATA  SIEET 


2516-033 


Contract  LJ0123-74-C-1337 


UTC  Project  Ko.  2516 


BULCwt  A£SEt2LY  P/N  Cl  1 193-0 1 -01 


Bladder  t/U 


Bleeder  Weljht 


Bleeder  Test  Bate 


Test  Conductor 


5,  Bladder  lest  Tank 


Bladder  Fituy 


Loo.;  Test  Gas 


Bladder  tide  Pressurised 


Bladder  Lea.;  Tost  Pressure 


Bladder  Lea-caye  Late 

iiu  rber  o£  Bladder  Expulsion  Cycles 


last  Conductor  Signature 


Q.A.  Cu server  Mi., nature 


iil'PXO  Observer  Bijnature 


o  o  7  (<u<oC>  oon^) 


_ u. 

_ ^  S, 

HhiL. 

R  Acceptable  f  |  C:;a crop  tabic 

n  Interior  (\Jd.  borior 

7  PS/ _ ~4-&'yO _ 


CY'  A  yb/ 


~j^  tyfit  (?  /cyyo  iH  i  ft,j  '  ,;u-~  liri)  .  -  )u  (jrijlc 
Hr  %0\  3-  V/,y  A 


*llrt  ffif  iir<- '  v 


•  _  V  ^ 


NWC  TP  5835 
GOIUE  FUEL  TASK 

BLADDER  LEAK  TEST  &  FUNCTIONAL  FIT  DATA  SHEET 
2516-003 

Contract  N00123-74-C-1337 
UTC  Project  No.  2516 


BLADDER  ASSEMBLY  P/N  C11193-01-G1 


1.  Bladder  S/N 

2.  Bladder  Weight 

3.  Bladder  Test  Date 

4.  Test  Conductor 

5.  Bladder  Test  Tank 

6.  Bladder  Ficup 

7.  Leak  Test  Gas 

8.  Bladder  Side  Pressurized 

9.  Bladder  Leak  Test  Pressure 
LO,  Bladder  Leakage  Rate 

11.  Number  of  Bladder  Expulsion  Cycles 

12.  Test  Conductor  Signature 

13.  Q.A.  Observer  Signature 

14.  AFPRO  Observer  Signature 


VC:2> 


f~yj  Acceptable  Q  Unacceptable 


INITIAL  DISTRIBUTION 


13  Naval  Air  Systems  Command 
AIR-03B  (1) 

AIR-03P2  (1) 

AIR-30212  (2) 

AIR-320C.W.  Volz(l) 

AIR-330F  (1) 

AIR-503  (1) 

AIR-503E  (1) 

AIR-5108  0) 

AIR-5109  (1) 

AIR-5203  (1) 

AIR-5351  (1) 

AIR-5366  (1) 

3  Chief  of  Naval  Material 

MAT-030B  (1) 

MAT-032  (1) 

NSP-27  (1) 

2  Naval  Sea  Systems  Command 

SEA-0332  (1) 

SEA-04H  (1) 

1  Air  Test  and  Evaluation  Squadron  5  (LT  Karl  Kail) 

1  Naval  Ammunition  Depot,  Hawthorne  (Code  05,  Robert  Dempsey) 

1  Naval  Explosive  Ordnance  Disposal  Facility,  Indian  Head 
1  Naval  Intelligence  Support  Center  (OOXA,  CDR  Jack  Darnell) 

1  Naval  Ship  Research  and  Development  Center,  Bethesda  (Code  166,  John  F.  Talbot) 

1  Naval  Surface  Weapons  Center,  White  Oak  (Code  312,  W.  C.  Ragsdale) 

1  Na/al  Undersea  Center,  San  Diego  (Code  133) 

1  Naval  Intelligence  Support  Center  Liaison  Officer  (LNN) 

1  Army  Armament  Command,  Rock  Island  Arsenal  (AMSAR-SF) 

1  Army  Missile  Command,  Research  and  Development  Directorate,  Redstone  Arsenal 
(AMSMI-RK,  Dr.  R.  G.  Rhoades) 

4  Picatinny  Arsenal  (SMD,  Concepts  Branch) 

3  Air  Force  Systems  Command,  Andrews  Air  Force  Base 

DLFP(l) 

DIW(l) 

SDW(l) 

5  Air  Force  Armament  Laboratory,  Eglin  Air  Force  Base 

DLD(l) 

DLJW(l) 

DLO(l) 

DLQ(l) 

DLR  (1) 

1  Foreign  Technology  Division,  Wright-Pat terson  Air  Force  Base  (Code  PDXA,  James  Woodard) 


5  Wright-Patterson  Air  Force  Base 
AFAPL 
RJA(l) 

RJT(l) 

ST1NSO  (1) 

XRDP(I) 

XRHP(l) 

1  Defense  Advanced  Research  Projects  Agency,  Arlington 

2  Defense  Documentation  Center 

1  Explosives  Safety  Board  (6-A-145) 

1  Applied  Physics  Laboratory,  JHU,  Laurel,  Md.  (W.  B.  Shippen) 

1  Beech  Aircraft  Corporation,  Whichita,  Kan. 

1  Convair  Division  of  General  Dynamics,  San  Diego,  Calif. 

1  Grumman  Aerospace  Corporation,  Bethpage,  N.Y. 

1  Honeywell  Inc.,  Systems  &  Research  Division,  Minneapolis,  Minn. 

1  Hughes  Aircraft  Company,  Culver  City,  Calif. 

1  Hughes  Aircraft  Company,  Missiles  Systems  Division,  Canoga  Park,  Calif. 

!  McDonneli  Douglas  Corporation,  St.  Louis,  Mo.  (Astronautics,  A.  N.  Thomas) 

1  Marquardt  Corporation,  Van  Nuys,  Calif. 

1  North  American  Rockwell  Corporation,  Columbus,  Ohio  (K.  C.  Wykes) 

1  Purdue  University,  School  of  Mechanical  Engineering,  Lafayette,  Ind.  (Cecil  F.  Warner) 

1  Ryan  Aeronautical  Company,  San  Diego,  Calif. 

I  The  Boeing  Company,  Seattle,  Wash. 

1  The  tyartin  Company,  Orlando,  Fla. 

1  United  Aircraft  Corporation,  East  Hartford,  Conn.  (Research  Laboratories,  R.  L.  O’Brien) 
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